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ABSTRACT

Thi s handbook provi des basi ¢ design gui dance for pier and wharf
construction. It has been devel oped from extensive re-evaluation of
facilities and is intended for use by experienced architects, engineers, and
facility planners. The contents cover piers and wharves, including such
consi derations as overall dimensions and clearances, live |load requirenents,
structural design, fender systems, deck fittings, separators, access
facilities, and associated pier and wharf structures.
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FOREWORD

This handbook has been devel oped from an evaluation of facilities in the
shore establishment, from surveys of the availability of new materials and
construction methods, and from selection of the best design practices of the
Naval Facilities Engineering Command (NAVFACENGCOM), other GCovernnent
agencies, and the private sector. This handbook was prepared using, to the
mexi num extent feasible, national professional society, association, and
institute standards. Deviations fromthis criteria, in the planning,

engi neering, design, and construction of Naval shore facilities, cannot be
made without prior approval of NAVFACENGCOM HQ Code 04.

Design cannot remain static any more than can the functions it serves or the
technologies it uses. Accordingly, recommendations for inprovenment are
encouraged and should be furnished to the Commander, Atlantic Division, Code
04A4, Naval Facilities Engineering Conmmand, Norfolk, VA 23511-6287;

t el ephone (804) 444-9970.

TH'S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. IT IS TO BE USED IN THE PURCHASE OF FACILITIES
ENG NEERI NG STUDI ES AND DESI GN (FINAL PLANS, SPECI FI CATI ONS, AND COST
ESTIMATES). DO NOT REFERENCE IT IN MLITARY OR FEDERAL SPECI FI CATIONS OR
OTHER PROCUREMENT DOCUMENTS.
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WATERFRONT FACILITIES CRI TERIA MANUALS

Criteria

Manual Title PA

M L- HDBK- 1025/ | Piers and Wharves LANTDI V

DM 25. 2 Dockside Utilities for Ship Service LANTDI V

M L- HDBK- 1025/ 3 Cargo Handling Facilities LANTDI V

DM 25. 4 Seawal | s, Bul kheads and Quaywalls LANTDI V

DM 25.5 Ferry Ternminals and Small Craft LANTDI V
Berthing Facilities

DM 25. 6 CGeneral Criteria for Waterfront LANTDI V
Construction

NOTE:  Design nmnuals, when revised, wll be converted to nmlitary

handbooks and listed in the mlitary handbook section of NAVFAC
P- 34,

This handbook is issued to provide imediate guidance to the user.
However, it may or nmay not conform to format requirenents of
M L- HDBK- 1006/3 and will be corrected on the next update.

Vi
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Section 1. | NTRCDUCTI ON

1.1 Scope. This handbook contains descriptions and design criteria for
pi er and wharf construction, including subsidiary, contiguous, and auxiliary
structures. Loading details, regulations, furnishings, appurtenances, and
other information are discussed when applicable.

1.2 Cancel lations. This handbook cancels and supersedes NAVFAC DM 25.1,
Novenber 1980, and Change 1 dated June 1982.

1.3 Related Criteria. For related criteria refer to the Naval

Facilities Engineering Command ( NAVFACENGCOM) sources itenized bel ow (see
ref erences).

Subj ect Sour ce
Cargo Handling Facilities M L- HDBK- 1025/ 3
G vil Engineering Dr ai nage Systens DM 5. 03
Civil Engineering - Pavenents DM 5. 04
Civil Engineering - Pollution DM 5. 08
Control Systens
Cvil Engineering - Solid Waste Disposal DM 5. 10
CGvil Engineering - Trackage DM 5. 06
Civil Engineering - Water Supply Systes DM 5. 07
Coastal Protection DM 26. 02
Dockside Uilities for Ship Service DM 25. 02
Facility Planning Criteria for Navy and P-80
Marine Shore Installations
Ferry Terminals and Small Craft DM 25. 05
Berthing Facilities
Foundations and Earth Structures DM 7. 02
General Criteria for Waterfront DM 25. 06
Construction
Har bor s DM 26. 01
Mooring Design Physical and DM 26. 06
Empirical Data
Pont oon Systens Manual P-401
Seawal |' s, Bul kheads and Quaywal | s DM 25. 04
Soil Dynamics, Deep Stabilization, and
Special Geotechnical Construction DM 7. 03
Soi | Mechanics DM 7.01

Structural Engineering - Al umnum Structures,
Masonry Structures, Conposite Structures,

QG her Structural Mterials M L- HDBK- 1002/ 6
Structural Engineering - DM 2. 04
Concrete Structures
Structural Engineering - DV 2. 01
General Requirenents
Structural Engineering - Loads DM 2. 02
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Subj ect Sour ce
Steel Structures M L- HDBK- 1002/ 3
Ti nber Structures M L- HDBK- 1002/ 5
Wi ght Handling Equi pnent DM 38. O
1.4 Ceneral Function. Piers and wharves provide a transfer point for

cargo and/or passengers between water carriers and land transport. \there
service involves the noverment of large volumes of both cargo and passengers,
separate facilities should be provided for each. \here one service is
subsidiary to another, consideration should be given to the feasibility of
accommodating both services at one facility.

1.5 Function Cassification. Piers and wharves are classified according
to primary function with the follow ng description:

1.5.1 Ammunition. These are dedicated piers and wharves used for

di scharging amunition for storage and for |oading amunition on outgoing
ships. Explosives and anmunition quantity/distance standards are discussed in
Naval Sea Systens Command NAVSEA OP 5, Volume 1, Amunition and Explosives
Ashor e

1.5.2 Berthing. These are general -purpose piers and wharves used
primarily for mooring ships when they are not at sea, Furthernmore, berthing
facilities may be active, as when ships are berthed for relatively short tines
and are ready to put to sea on short notice, and inactive as when they are
berthed for long periods in a reserve status. Activities that typically take
place on berthing piers and wharves are personnel transfer, naintenance, crew
training, cargo transfer, light repair work, and waste handling. Under sone
circunstances, fueling and weapons system testing may also be carried out in
these facilities.

1.5.3 Fitting-Qut or Refit. Piers and wharves for fitting-out are very
simlar to those used for repair purposes, providing approximtely the sane
facilities. However, fitting-out piers and wharves will have, in addition to
light and heavy portal cranes, large fixed tower cranes for handling guns
turrets, engines, and heavy arnor.

1.5.4 Fueling. These are dedicated piers and wharves equi pped with
facilities for off-loading fuel from ship to storage and for fueling ships
fromstorage. For additional design criteria, see M L-HDBK-1025/3, Cargo
Handling Facilities, and Naval Facilities Engineering Command NAVFAC DM 25.02
Dockside Utilities for Ship Service

1.5.5 Repair. Repair piers and wharves are constructed and equipped to
permt overhaul of ships and portions of a hull above the waterline. These
structures are generally equipped with portal cranes.

1.5.6 Supply. Supply piers and wharves are used primarily for the
transfer of cargo between ships and shore facilities. Standard gage railroad
tracks may be provided when supplies are expected to be brought in by rail.
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1.5.7 Degaussi ng/ Deperm ng. These are piers and wharves specifically used
for renoving or altering the magnetic characteristics of a ship by neans of a
powerful, external demagnetizing electrical charge. Further requirements are
di scussed in Naval Facilities Engineering Command NAVFAC DM 25.05, Ferry
Ternminals and Small Craft Berthing Facilities.

1.6 Flexibility of Berths. Typically, piers and wharves are designed to
provide space, utility service, and other supporting facilities for specific
incomng or honeported ships. However, berthing plans and classes of ships
berthed change with time. Wile it is not economcally feasible to develop a
single facility to accommpdate and service all classes of ships presently
known, the facility should be designed with a certain anount of flexibility
built in for anticipated future changes in the functional requirements. This
is especially true for berthing piers and wharves which will be used to
accommodate different classes of ships as well as support a variety of new
operati ons.

1.7 Required Features. The following is a list of appurtenances and
features generally required for piers and wharves. Dedicated berths my not
require all of the listed itens, while specialized berths may require

addi tional features.

Hotel and ship service utilities

Fender systenms and separators

Mooring devices to safely secure the ship
Cranes and crane trackage

Access facilities for railroad cars and trucks
Waste handling facilities

Cargo handling equi pnent

Covered and open storage spaces for cargo
Support building, tool shed, office space, and control roons
Li ghting poles and equi prent

Security systens

Firefighting equipment

Emergency nedical facilities

Access structures and facilities

Fueling facilities

—Q —+~om o 0o T D

—_— X

TLe=E23
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Section 2.  FACILITY PLANNI NG

2.1 Location and Oientation

2.1.1 General. The location and alignment of piers and wharves in a
harbor should consider factors such as ease of entering and |eaving berth
required quayage, harbor line restrictions, foundation conditions, and
isolation requirements. For discussion and criteria, see Naval Facilities
Engi neering Command NAVFAC DM 26.01, _Harbors

2.1.2 Wnd and Currents. To the extent practicable, piers and wharves
should be oriented so that a noored ship is headed into the direction of the
prevailing winds and currents. Thus, the forces induced on mooring lines by
these conditions would be kept to a minimum If such an arrangement is not
feasible, an orientation in which the wind or current holds the ship off the
facility should be considered, although the difficulty in nooring a ship under
such conditions should not be overlooked. In locations where criteria for
both wind or current cannot be net, the berth should be oriented parallel to
the direction of the nore severe condition. At locations exposed to waves and
swell, the facility should be located so that a noored ship is headed into the
wave or swell front. If planning criteria dictate that a pier or wharf be
oriented so that a noored ship is positioned broadside to the prevailing
winds, currents, or waves, breast-off buoys should be considered to keep the
ship off the facility and dininish the possibility of damage to the structure
and ship. At oil storage terminals located in areas where neteorol ogical and
hydrol ogi cal conditions are severe, consideration should be given to the
utilization of a single point nooring which allows a mored tanker to sw ng
freely when acted upon by winds, waves, and currents from varying directions

2.1.3 Turning Basin. On occasion, a noored vessel is required to nmake a
hasty departure fromits berth and head out to sea. Accordingly, when
planning a pier or wharf, consideration should be given to providing adequate
turning area so that a ship can be turned before it is docked, and noored wth
a heading that will permt a convenient and rapid departure

2.1.4 Pier Oientation. A pier is a structure which projects out fromthe
shore into the water. A pier is oriented either perpendicular to or at an
angle with the shore. It may be used on both sides, although there are

instances where only one side is used because of site conditions or because
there is no need for additional berthing. Piers may he nore desirable than
wharves when there is linmted space avail able because both sides of a pier nay
be used for berthing and mooring ships. The space between two parallel piers
or a pier and wharf is usually referred to as the slip.

2.1.5 Wharf Orientation. A wharf is a structure oriented approximtely
parallel to the shore. Wen the wharf is connected to the shore along its
full length and a retaining structure is used to contain upland fill placed

behind the wharf, it is called a marginal wharf. Ships can only be noored at
the outshore face of a marginal wharf. Wen water depths close to shore are
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not adequate to accommodate deep draft ships, the wharf, consisting of a
platformon piles, is located offshore in deep water and is connected to shore
at one or nore points by pile-supported trestles, usually at right angles to
the wharf. If the trestle is located at the center of the wharf, the
structure is referred to as a T-type wharf; if the trestle is located at an
end, the facility is known as an L-type wharf; if trestles are |located at both
ends, the wharf is called a U-type wharf. Ships may be berthed on both sides
of a T- or L-wharf. \When the offshore wharf is used for transfer of bulk
liquid cargo from the unloading platform to shore via submarine pipelines, the
structure is referred to as an island wharf. A trestle fromthe offshore
wharf to shore is not provided and both sides of the island wharf may be used
for mooring ships. Launches are used for wharf access. For exanples of pier
and wharf types, see Figures 1 and 2. For general cargo, supply, and
container termnals, a wharf structure, connected to upland shore area for its
full length, is preferred because such an arrangenent is nore adaptable to

| oop rail and highway connections and the distance from wharf apron to transit
sheds and open storage areas is shorter.

2.1.6 Water Depth. At locations where the required depth of water is
avail abl e close to shore and the harbor bottom sl opes steeply out to deeper
water, it may not be economical to build deep water foundations for a pier,
and a wharf structure should be considered. At |ocations where water depths
are shal l ow and extensive dredging woul d be required to provide the required
depth of water close to shore, consideration should be given to locating the
facility outshore, in deeper water, by utilizing a T-, L-, or Utype wharf.

2.1.7 Dol phins. These are snall independent platforns or groups of piles
used by thenselves or in conjunction with a pier or wharf for specialized
purposes. A nooring dol phin is sonetimes used at the outboard end of a pier
and either or both ends of a wharf to tie up the bow or stern line of a ship
at a nore favorable angle. Moring dol phins are usually accessed by a
catwal k, as illustrated in Figure 1, and are provided with a bollard or
capstan. Breasting dol phins are sonetines used for roll-on/roll-off
facilities and at fueling termnals where a full-length pier or wharf is not
required. They may al so be used as part of the fender system A turning

dol phin is an isolated structure used solely for guiding the ships into a
berth or away from known obstructions. Cccasionally, a mooring dol phin may
al so be designed to function as a turning dol phin. Approach dol phins are used
where the end of a pier or ends of a slip require protection fromincom ng

shi ps.

2.1.8 Special Orientation and Form  Degaussing/deperming facilities
usual Iy require a nmagnetic north/south orientation, irrespective of other
consi derations. \Wen both sides of a mbored ship need to be accessed, two
parallel piers with a slip in between may be preferred. Cccasionally, there
is also a need to provide a cover over the berthed ship for security or
operational considerations, as for the_Chio-class (Trident) submarines.
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2.2 Overall D nensions and d earances

2.2.1 Ceneral. The overall dinensions and clearances required for piers
and wharves are dependent on characteristics of the ships to be berthed and
the support services provided. See Table 1 for characteristics of typical
ship types. For additional information on general criteria, see Naval
Facilities Engineering Command NAVFAC P-80, Facility Planning Criteria for
Navy and Marine Shore lInstallations.

2.2.2 Pier and Wharf Length

2.2.2.1 Single Berth. The length of pier or wharf should equal the overall
length of the largest ship to be accormpdated, plus an allowance of 50 ft at
each end of the ship. For aircraft carriers, the allowance at each end of the
vessel should be increased to 100 ft . (See Figure 3.)

2.2.2.2 Miltiple Berths. The length of a pier or wharf should equal the
total overall length of the largest ships simultaneously acconmodated, plus
clear distance allowances of 100 ft between ships and 50 ft beyond outernost
moored ships. (See Figure 3.)

2.2.2.3 Submarine Berths. For npbst classes of submarines, a 50-ft end
distance to a quaywal|l or bul khead is adequate. The nose-to-tail spacing for
multiple berthing should also be a mninumof 50 ft. However, large
submarines such as the Chio class (Trident) require 150 ft or nore nose-
to-tail spacing and clearance to bul khead or quaywall.

2.2.3 Pier and Wharf Wdth. Pier width as used herein refers to the net
operating width of the structure, exclusive of fender systens, curbs, and
dedicated utility corridors. (See Figure 4.) This definition also holds for
u-, L-, and T-type wharves. However, with reference to narginal wharves, the
wi dth should be the dimension to a building, roadway, or other identifiable
obstruction. Refer to Table 2 for mninum w dths established for each
functional type. They should be reviewed with specific functional
requirenents of the individual installation before a final selection is made.
Also, these dinensions should not be less than the w dths determned by
geotechnical and structural considerations. Factors to be considered in the
determ nation of pier and wharf width are as follows:

2.2.3.1 Uilities. One of the primary functions of a pier or wharf is to
provide connections for utilities fromship to shore. Fixed utility ternmnals
are usually provided close to the edge of the pier or wharf along the
bullrail. Flexible hoses and cables are then connected to these termnals and
to the ship. Depending upon the type of utility hoods, the terminals, hoses,
and cables may require 10 to 15 ft of space along the edge that cannot be
utilized for any other purpose. Consideration should be given to types of
utility hoods which require no edge space for cable and hose |aydown.
Sonmetinmes, the electrical vaults or substations are nounted on the deck,
further encroaching on the clear operating width available. It is preferable
to locate them underdeck in watertight concrete vaults to, avoid encroachment
on avail abl e deck space.
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Table 1
Characteristics of Typical Ship Types
Fully

Overall Extrese Beam at Max Nav Loaded Fully Loaded

Length Width Waterline Draft Draft Displacement
Ship Type Designation (feet) (feet; (feet) (feet) (feet) (long toas)
COMBATANT SHIPS
Battleship Iowa Class BB 61 888.0 109.¢ 108.0 38.0 37.0 58,000
Guided Missile Cruiser cG 26 547.0 55.( 54.0 30.5 20.5 8,250
Guided Missile Cruiser CG &7 567.0 55.¢ 55.0 31.6 20.0 9,600
Guided Missile Cruiser CGN 36 596.0 61.¢C 60.0 31.0 21.0 10,450
Guided Missile Cruiser CGN 38 586.0 63.C 61.0 32.6 21.8 10,420
Aircraft Carrier CV 66 1048.0 252.¢ 130.0 38.0 37.0 81,770
Aircraft Carrier Nimitz Class CVN 68 1092.0 257.C 134.0 41.0 38.0 91,490
Destroyer DD 963 564.0 55.0 55.0 30.0 21.0 7,810
Guided Missile Destroyer DDG 2 437.0 47.0 46.0 24.0 16.0 4,900
Guided Missile Destroyer DDG 37 513.0 53.0 52.0 21.0 14.0 6,120
Guided Missile Destroyer DDG 993 563.0 55.0 55.0 32.4 20.0 8,300
Guided Missile Destroyer DDG 51 466.0 60.0 60.0 30.0 -—- 8,400
Frigate FF 1052 438.0 47.0 47.0 26.5 16.5 4,330
Guided Missile Frigate FFG 7 445.0 47.0 38.0 24.9 14.4 3,590
Submarine SS 567 293.0 27.0 24.0 17.3 16.8 2,030
Submarine Darter Class S§ 576 283.0 27.0 25.0 17.3 16.8 2,030
Submarine Sturgeon Class SSN 637 289.0 32.0 25.0 29.0 25.8 4,270
Submarine Los Angeles Class SSN 688 361.0 33.0 29.0 30.5 27.5 6,930
Submarine Lafayette Class SSBN 616 421.0 33.0 25.0 32.0 27.3 7,350
Submarine Ohio Class SSBN 726 560.0 42.0 30.0 35.9 35.4 16,740
MINE WARFARE SHIPS
Minesweeper Countermeasure MCH 1 224.0 - 39.0 -- 11.25 1,040

Vehicle-
Minesweeper/Hunter, Air MSH 1 189.0 39.0 39.0 13.5 8.8 334
Cushion
Minesweeper MSO 427 173.0 35.0 35.0 14.0 12.0 930
AMPHIBIQUS WARFARE SHIPS
Landing Craft, Air Cushion LCAC 1 88.0 47.0 47.0 -- 2.75 170
Amphibious Comeand Ship Lee 19 620.0 108.0 82.0 30.0 29.0 18,650
Amphibious Cargo Ship LKA 113 576.0 82.0 82.0 28.0 28.0 18,650
Amphibious Transport Dock LPD 4 570.0 105.0 84.0 23.0 17.3 17,240
Amphibious Assault Ship LHA 1 820.0 118.0 106.0 26.0 26.0 39,400
Amphibious Assault Ship LHD 1 844.0 106.0 106.0 -- 26.1 40,530
Dock Landing Ship LSD 36 553.0 84.0 84.0 20.0 20.0 13,700
Dock Landing Ship LSD 41 609.0 84.0 84.0 19.6 19.6 15,730
Tank Landing Ship LST 1179 565.0 70.0 70.0 20.0 16.0 8,520
AUXILIARY SEIPS
Destroyer Tender AD 37 645.0 85.0 85.0 30.0 27.0 20,500
Destroyer Tender AD 41 643.0 85.0 85.0 - 22.1 19,740
Asmunition Ship AE 26 564.0 81.0 81.0 31.0 28.0 18,088
Combat Store Ship AFS 1 581.0 79.0 79.0 28.0 28.0 18,660
Fast Combat Support Ship AOE 1 796.0 107.0 107.0 41.0 41.0 53,600
QOiler A0 177 589.0 88.0 88.0 -- 32.4 27,500
Replenishment Oiler AOR 1 659.0 96.0 96.0 36.5 36.5 37,700
Salvage Ship ARS 38 214.0 43.0 43.0 15.1 14.3 1,970
Salvage Ship ARS 50 255.0 -- 51.0 17.8 17.0 z,880
Submarine Tender AS 36 644.0 85.0 85.0 30.0 29.0 23,490
Repair Ship AR 5 530.0 73.0 73.0 26.0 24.0 17,200
Oceanographic Research T-AGOR 16 246.0 75.0 75.0 22.9 20.1 3,420
Survey Ship T-AGS 21 455.0 - 62.0 28.8 21.0 13,050
Cargo Ship T-AK 284 488.0 - 68.0 31.0 31.0 15,404
Vehicle Cargo Ship T-AKR 287 946.0 -- 106.0 37.0 37.0 2,810
Maritime Prepositioning Ship T-AKX 821.0 -- 106.0 32.0 " 32.0 47,000
Oiler T-AO 187 678.0 - 97.0 v - 34.5 40,000
Transport Oiler T-ACT (T5) 615.0 -- 96.0 -- 34.0 39,000
Fleet Ocean Tugs T-ATF 166 226.0 - 42.0 -- 15.0 2,260
F-d
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2.2.3.2 Mbile Crane Operation. Piers and wharves are subject to frequent
usage by truck-mounted nobile cranes forklifts, and straddle carriers for
servicing the ships. This weight-handling equipnent requires maneuvering and

turnaround space on the deck for effective operation. |f possible the deck
space should be planned to allow nobile cranes to be backed up perpendicul ar
to the bullrail. This pernmits the maxi mum | oad/reach conbination.

2.2.3.3 Crane Tracks. Rail-munted cranes are often needed for ship fleet
loadout in outfitting/refit and repair facilities. Wdth requirements depend
on equi pment selected. A rail gage of 40 ft is standard for new cranes,
except at container termnals or where it is necessary to conformto gages of
existing tracks. Wen cranes are furnished, the distance from the waterside
cranerail to the edge of the pier or wharf should be adequate to provide
clearance for bollards, cleats, capstans, pits housing outlets for ship
services, crane power conductors, and other equipnent. \Were aircraft
carriers or other ship types with large deck overhangs are anticipated to be
berthed, the cranerail should be located so that all parts of the crane will
clear the deck overhang. For discussion of crane power conductors, see Naval
Facilities Engineering Command NAVFAC DM 38.01, Weight Handling Equipnent.

2.2.3.4 Railroad Tracks. For supply and ammunition piers and wharves,
railroad service should be considered. Except where local conditions require
otherw se, standard gage should be used for trackage. For standard gage and
spaci ng between adjacent tracks, see Naval Facilities Engineering Conmand
NAVFAC DM 5.06, G vil Engineering - Trackage. Wdth of piers and wharves
should be adequate to allow passing of trains and forklift trucks (or other
material -handling equipnent). Allowances should also be made for stored
cargo and other obstructions.

2.2.3.5 Trucks and Other Vehicles. A variety of service trucks and
vehicles can be expected to use piers and wharves for moving personnel,
cargo, containers, and supplies to and fromthe ships. The width provided
must take into account operation and nmaneuvering of such vehicles.
Turnaround areas should be provided.

2.2.3.6 Sheds and Buildings. Pier and wharf deck is usually too expensive
an area for storage sheds, which should therefore be located on land to be
cost-effective. However, small buildings to provide for berthing support and
storage of equi pnent nmay sonetinmes need to be accommodated on deck.

2.2.3.7 Mwvable Containers and Trailers. During active berthing of ships,
various containers of different sizes are tenporarily or permanently | ocated
on pier deck to support the operations. These include shipyard tool boxes,
garbage dunpsters, training trailers, and supply trucks. Adequate deck space
should be available for locating and accessing these containers and trailers.

2.2.3.8 Fire Lane. For piers, provide a 15-foot-w de unobstructed fire |ane
i ndependent of net operating width requirements. Locate and mark the |ane
near the longitudinal pier centerline. For wharves, provide a 15-foot-w de
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unobstructed fire lane imediately adjacent to the operating area. These
requirenents should not be applied to snmall craft or yard craft piers.

2.2.3.9 Fuel - Handl'i ng Equi pnent. At specified berths, stationary fuel-
handl i ng equi pnent consi sting of self-adjusting |oading arns are often
furnished to offload fuel products from tankers to onshore storage
facilities. Pier or wharf width requirements depend on equi pment selected
and facilities furnished.

2.2.3.10 Phased Maintenance Activities (PMA). At some naval stations, PMA
performed at berthing piers will be of significant nmagnitude. Requirenents
for space and pier dimensions due to PMA should be considered for these
piers. For additional information, see Naval Civil Engineering Laboratory
NCEL TM 5, Advanced Pier Concepts, Users Data Package. The four levels of
PMA and their estinmated space requirenents are as follows and as detailed in
Table 3.

a) Internediate Mintenance Availability (IMA). |M consists of
renmoval and repair of shipboard equipment performed by Shore Internediate
Mai nt enance Activity (SIMA) personnel or tender forces, with a duration of
apgroxi mately 30 days. Goss deck requirements range from 2000 to 3000
ft® with work area dinensions varying from30 x 65 ft to 30 x 100 ft.

b) Planned Restricted Availability (PRA). PRA consists of linmted
repairs of shipboard equi pnent and systens by contract forces under
Supervi sor of Shipbuilding and Repairs (SUPSH P) control, with a duration of
30 to 60 days. Gross deck area requirements are about 10,800 ft? (35 x 310
ft) of command and storage area could be on the lower I|evel.

c) Selected Restricted Availability (SRA). SRA consists of
expanded repairs and/or mnor ship alterations to shipboard equi pment and

systems by SUPSH P contract forces, with a duration of approxinmately 60 days.
Goss deck area requirenents are about 18,000 ft? (35 x 515 ft). n a

doubl e-deck pier with adequate clearance, about 5000 ft? of command and
operational area could be on the |ower [|evel.

d) Regular Overhaul (ROH). R consists of major repairs and ship
alterations to shipboard equipnent and systens by SUPSHI P contract forces,
with a duration of six to eight months. Goss deck area requirements are
about 23,000 ft® (35 x 660 ft). In addition, there would be a requirenent
for turnaround areas on deck and warehousing off the pier or wharf. On a

doubl e-deck pier, up to 8000 ft® of command and operational area could be
on the lower |evel.

14
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Table 3
Estimated Space Requirenments for PMA

Activity PRA SRA ROH
COWAND AREA

Mobi | e admi ni stration buildings 2, 800 5, 600
Parking area 250 250 500
Bi cycl e racks 70 140 200
Subt ot al 320 3,190 6, 300

OPERATI NG AREA

Demineral i zer - 1, 500 1, 500
Bi |l ge water/stripping tank - 400 400
Dunpsters 1, 150 1, 440 1,730
Portabl e solid-state generators - 240 240
Air conpressors 290 290 290
Vel di ng 1, 500 1,500 1,500
Fl ammabl e st orage 150 600 600
Transportation |aydown 600 900 1,500
Crane work 3, 850 3,850 5, 250
Ofload area (oils, fuels, etc.) 3,000 3, 600 4,500
Port abl e heads - 70 70

Addi ti onal brow

400 400

10, 540 14,790 17,980

Tot al 10, 860 17,980 24, 280
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2.2.4 Slip Wdth

2.2.4.1 CGeneral Considerations. The clear distance between piers, or slip
wi dth, should be adequate to pernmit the safe docking and undocki ng of the
maxi mum size ships that are to be accommodated in the slip. The size of a
slip should also permt the safe maneuvering and working of tugboats, barges,
lighters, and floating cranes. At nmultiple berth piers, where ships are
docked either one per berth, two abreast per berth, or nmore, sufficient

cl earance shoul d be available to pernmt the docking and undocki ng of ships at
the inboard berth without interfering with ships at the outboard berth.
Because the size of a slip is affected by docking and undocking maneuvers,
consi deration should be given to the advice of local pilots who are famliar
with the ships to be handled aad with prevailing environmental conditions such
as wnds, waves, swells, and currents. Slip width is also influenced by the
size and location of separators used between ship and structure and between
ships. The width should be reviewed with specific functional requirenments of
the individual installation before a final determination is nade.

2.2.4.2 Mnimum Wdth of Slip for Active Berthing. Mnimum wdth should be
the greater of the two dinensions shown on Figure 3. Additionally, the width
should not be less than 300 ft. The recommended criteria are applicable only
if ships are turned outside the slip area. Refer to Table 1 for the beam of
typical ship types. At subnmarine slips, wdth requirements should be
increased by at least four beam widths to account for canels and separators,
to provide for ships’ vulnerability if their safety is involved, to provide
for special maneuvering requirenments of other ships during berthing or

passing, and to provide for special environmental conditions such as currents,
waves, and wi nds.

The requirenments discussed above apply where ships are berthed on both sides

of a slip. Were ships are berthed on only one side of a slip, the width nay
be reduced.

See Figure 3. \Wen nore than two-abreast berthing is enployed, the w dth of
slip should be increased by one ship beamfor each additional ship added in
order to maintain adequate clearances between noored ships during berthing and
unberthing maneuvers. Thus, for three-abreast berthing on both sides of a
slip, the slip width for single-berth piers wuld be equal to 10 tines ship

beam and the slip width for nultiple-berth piers would be equal to 11 tinmes
ship beam

2.2.4.3 M nimum Wdth of Slip for Inactive Berthing. At slips containing
i nactive berths where ships are stored for Iong periods of tine on inactive
status in nests of two, three, or nore, clear distances between mpored ships
and slip width may be reduced by one or two ship beans to reflect the
reduction in the frequency of berthing maneuvers and the decrease in
activities of small boats and floating equipnent.
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2.2.5 Water Depth in Slips

2.2.5.1 Mninum Depth of Water. In a sheltered site and where the site
bottom consists of soft material, the water depth in a slip, as measured from
mean |ow water (MW |evel or nean lower |ow water (M.LW |evel, should be
equal to the maximum navigational draft of the ships to be accommodated plus a
m ni num clearance of 4 ft. The nmaxi mum navigational draft represents the
distance in ft, with the ship in the full load condition, fromthe waterline
to the keel, and below the keel to enconpass such projections as sonar dones,
extending propellers, vertical submarine control planes, and hydrofoils fitted
to various type ships. For the nmaxinmum navigational draft of typical ship
types, refer to Table 1. The mninmum depth of water for aircraft carriers
(CV, CWN) and fast conbat support ships (ACE) should be 50 ft in order to
reduce the extent of sea suction fouling of condensers. Specified water
depths should be maintained as close to the fender line of the structure as is
practicable considering the accessibility of dredging equiprment used during
mai nt enance dredgi ng operations.

2.2.5.2 O earance Considerations. The nminimm clearance of 4 ft between the
ship and the bottomis applied in order to prevent grounding or damage to the
ship. The nminimum clearance of 4 ft is conprised of an allowance of 1 ft for
ship trimin loading, 1 ft for tidal variations, and 2 ft for safety
clearance. The nmininum clearance of 4 ft should be increased if any of the
following conditions prevail:

a) Harbor bottom consists of a hard material such as rock.
b) Excessive silting is 1 ft/year or nore.

¢) Slip area is exposed to waves, swells, and w nds.

d) Extreme low water is 1 ft or nore |ower than MW (M.LW.

2.2.6 Pier and Wharf Deck Elevation. Deck elevation should be set as high
as possible for surface ship berthing and as |low as possible for submarine
berthing, based on the follow ng considerations:

2.2.6.1 Overflow.  To avoid overflow, deck elevations should be set at a

di stance above nean high water (MHW Ilevel equal to two thirds of the maxi num
wave height, if any, plus a freeboard of at least 3 ft. Bottom el evati on of
deck slab should be kept at least 1 ft above extreme high water (EHW |evel.
Where deck elevation selected would result in pile caps or beans being
subnerged partially or fully, consideration should be given to protecting the
reinforcing from corroding.

2.2.6.2 Ship Freeboard. Consideration should be given to the varying
conditions of ship freeboard in relation to the use of brows and the operation
of loading equipnment such as conveyors, cranes, loading arnms, and other
material handling-equipnent. Fully loaded ships at MW (M.LW |evel and

lightly loaded ships at MHW (MHHW |evel should be considered for evaluating
the operation of such equipnent.
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2.2.6.3 Uilities. Deck elevations should be set high enough above HHW
levels to allow for adequate gradients in drainage piping and to avoid
flooding of drainage and utility manholes. Utilidors, utility tunnels, and
vaults should be kept above MHW (MHHW |evel as nuch as possible.

2.2.6.4 Adjacent Land. Deck elevation should, if possible, be set as close
as possible to the adjacent land for snooth access of nobile cranes, service
vehi cl es, personnel vehicles, and railroad. Ranps nmay be used to access the
deck set higher or lower than adjacent land. A gradient less than 15 percent
may be used for such ranps when railroad access is not provided. Vertica
curves should be |arge enough so that |ong wheel base or |ong overhang
vehicles do not high center or drag. \Were track-nounted cranes are
specified, all the deck areas serviced by the crane should be kept at the sane

el evati on.

2.2.6.5 Special Situations. For double-decked piers or wharves and in
situations where a sloping deck is contenplated (for gravity flow of sewer
lines), all the above considerations should be evaluated. The overflow
criteria should be applied to the lower deck of a doubl e-decked pier and the
| ow point of a sloping pier deck.

2.3 Qper ati ons
2.3.1 Railroad and Crane Tracks. The nunber of railroad and crane tracks

required and type of weight-handling equipnent furnished on piers and wharves
are dependent on the type of function, ships to be acconmodated, anmount of
cargo to be handled, and rate of cargo transfer. Specific service
requirenents of the individual installation should be evaluated in conjunction
with the follow ng considerations:

a) Railroad trackage should not be considered for use on berthing
piers and wharves (both active or inactive), except at stations where npst
cargo is received by rail, one or nore tracks may be considered for use on
active berthing. piers. \Wen there are existing railroad networks at the
station, tracks should be considered for installation on repair, fitting out,
ammunition and supply piers, and wharves.

b) Wen trackage is required al ong aprons of piers and wharves, at
| east two tracks should be provided so that one track may be used as a running
track when the other track is occupied

c) The use of wi de-gage crane service at repair, fitting out,
ammunition and supply piers, and wharves should be considered. Track gage
should conform to gage of existing trackage on adjacent piers and wharves to
avoid creation of “captive” cranes. The nerit of rail-nounted crane service
should be evaluated in relation to nobile crane service for berthing piers.

d) Wiere | oconptive cranes are used on piers and wharves, the

di stances between tracks and curbs should be increased to accommpdate the tai
swings of the crane.
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e) Wiere sponsons or flight decks of aircraft carriers overhang
berthing facilities, railroad and crane tracks nust be kept clear of al
over hangs.

f) Railroad and crane trackage shoul d not be considered for use on
piers and wharves used primarily for fueling operations.

g) Wien railroad and crane trackage is required on piers and
wharves, the spacings shown on Figure 4 may be used as a guide

2.3.2 Mbile Cranes. Al piers and wharves should anticipate nobile crane
operations on deck, except fueling and degaussing/depernming facilities where a
light-duty nobile crane and/or forklift truck is sufficient. Typically, the
cranes will be used to lift light loads (5 to 10 tons) but at a |longer reach.
This requires a high-capacity crane. |If the crane operations are not

al l owabl e because of utilidors and trenches with light-duty covers, such areas
should be clearly marked and separated by a raised curb to prevent accidenta
usage. Typically, nobile crane operators want to get as close as possible to
the edge of the pier or wharf to reduce the reach. However, the edges of
piers and wharves are also the best places for locating utility trenches and
utilidors. This conflict can be resolved by either designing all utility
covers to the high concentrated load from the nobile crane (which can have a
very high cost penalty) or by allow ng crane operations in discrete and

dedi cated spaces along the edges, as shown in Figure 5. The conflict can also
be resolved through two-story piers where the utilities are kept in the |ower
story, thus freeing up all the upper story for crane operations

2.3.3 Sheds and Support Buildings. Storage sheds and buildings of any
kind should be kept off piers and wharves unless their |ocation can be
justified by security considerations. Wen evaluating on-pier versus upland
| ocations, the cost of the supporting pier deck should be included in the
on-pier option. Transit sheds may be considered on piers and wharves where a
suitable upland area is not available. \Wen used on a pier, the transit shed
should be located along the centerline with clear aprons on both sides 20 ft
or more wide. On wharves, transit sheds and support buildings should be

| ocated on the landside edge with a clear apron toward the waterside. In
general, support buildings on piers and wharves should be kept as snall as
feasible and located away from high-activity areas for |east interference
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2.3.4 Uilities. For design criteria of utilities on piers and wharves,
refer to NAVFAC DM 25.02, Dockside Uilities for Ship Service. Usually,
utility connection points (hoods, vaults, or mounds) are located and spaced
along the pier or wharf edge to be as close as possible to the ships’ utility
termnals in the assunmed berthing position, The connection points should be
pl anned and | ocated to acconmbdat e reasonabl e future changes in berthing plan
or in the type of ships served. Typical services are freshwater (potable,
industrial, cooling, etc.), saltwater, chilled water, hot water, steam sewer
(storm sanitary, oily waste, etc.), air (high pressure, |ow pressure

breathing, etc.), electrical power, communication wiring, oil, and fuel. Al
utility lines should be kept above deck where they can be conveniently
accessed. However, infrequently accessed el ectrical equipment such as

transfornmers can be left below deck in watertight vaults. \Were unavoidable,
storm and sanitary sewers designed for gravity flow may be |ocated bel ow deck,
but as close to the deck as possible. Uility lines suspended bel ow deck are
subject to deterioration (of pipes as well as supports) from exposure to

seawat er and entanglement from floating debris and ice. It is also very
difficult and expensive to inspect and service utility lines that do not
function very well. The accommodation of utility |lines above deck can be

acconplished in a number of ways:

2.3.4.1 Uilidors. These are basically protected trenches running along the
wat er si de edge of a pier or wharf accessed by renovable covers fromthe top

as illustrated in Figure 6(A). In a pier, the lines can go along one edge al
the way to the end and be “looped” to the other edge back to land. In a

margi nal wharf, the lines can be supplied and returned through smaller latera
“trenches.” \Were the nunber and size of lines are large enough, a utility
tunnel or gallery can be utilized with access fromthe top or side. Were a

fuel line is provided, it should be kept in a separate trench for contai nment
of |eaks.
2.3.4.2 Bal | asted Deck. This concept, illustrated in Figure 6(B), consists

of a sloping deck filled with 1 ft 6 in. to 3 ft of crushed rock ball ast,

whi ch provides a convenient nediumto bury the utility lines and crane or rai
trackage. The ballast is topped with concrete or asphalt paving, which wll
provide a firm working surface for operations. The paving and ballast can be
opened up and the lines can be serviced as is done on city streets. Future
changes in utilities and trackage can simlarly be accomodated. Also, the

bal l ast helps to distribute concentrated |load to the deck slab, thus allow ng
heavi er crane outrigger | oads.

2.3.4.3 Two-Story Deck. This concept, illustrated in Figure 7, isolates the
utility lines into the | ower deck along galleries which are accessed
continuously from inside the |ower deck. The upper deck is thus clear of al
utility lines and terminations and is free for other activities.
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2.3.5 Light Poles. Above-pier lighting is needed for security, safety,
and support of nighttime pier activities. Under-pier lighting is required for
security. Above-pier deck lighting should be acconplished by a few tall poles
supporting a battery of light fixtures. The poles require large concrete
pedestal s and hence should be located so as not to be an obstruction for pier
operations. Light fixtures should be |ocated high enough and shielded to
light up the pier or wharf deck and waterside edges w thout blinding the
ship's pilots during berthing operations.

2.4 Landsi de Appr oaches

2.4.1 Function. Approaches are required to provide access fromshore to
piers and wharves |ocated offshore. Usually, the approach is oriented at
right angles to the shoreline. Except in special situations, approaches
shoul d consi st of open-type trestle structures that mninmze inpedinents to
wat er flow and di sturbances to the characteristics and ecol ogy of the
shoreline. The nunber, wdth, and orientation of approaches shoul d consider
the volunme of traffic flow, circulation of traffic, existing roads on
shoreside, fire lane requirenents, and interruption of service due to
accidental collision damage to the approach. As approaches are also used to
route utilities to the pier or wharf, the width of approaches will be further
i nfluenced by the space requirenents of the utility lines being carried.
Vehi cl e and pedestrian approach can usually be conbined on the same
structure. However, where a |arge nunber of personnel are anticipated to
access the facility, a separate pedestrian approach should be considered

2.4.2 Roadway Wdth. For infrequently accessed facilities (such as

deper m ng/ degaussing piers and wharves), the approach roadway should have a
mnimumw dth of 10 ft curb to curb for one-lane vehicular traffic. An
additional 2-ft width or a separate wal kway 3 ft wide attached to the approach

structure may be considered if a higher pedestrian volume and frequency of use
can be expected.

a) For fueling piers and wharves, the approach should have a
mnimumw dth of 15 ft curb to curb for clear access of emergency vehicles.

b) For all other functional types, a two-way 24-foot-w de

curb-to-curb roadway should be provided. |If two separate one-way approaches
are provided for a pier or wharf for inconming and outgoing traffic, each of
them may be 12 ft wide curb to curb. In any case, the approaches should be

wi de enough to permit fast movement of all vehicles anticipated for use on the
facility, including energency vehicles and nobile cranes.

2.4.3 Val kway Wdth. Separate wal kway structures should have a m ni mum
clear width of 3 ft. Were the walkway is attached to a vehicle traffic |ane

a mnimmwdth of 2 ft 6 in. clear, fromcurb to safety railing, should be
provi ded.
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2.4.4 Roadway Deck Elevation. The -requirements for pier and wharf deck
elevation are also applicable to the approaches. Were the adjacent land is
hi gher or lower than pier or wharf, the approach can be sloped up or down to
serve as a transition ranp. For approaches longer than 100 ft, the slope
should be linited to 6 percent.

2.4.5 Nunber of Approaches

2.4.5.1 One Approach. For fueling and degaussing/deperming facilities, at
| east one single-lane approach structure should be provided, unless the
facility is built as an island wharf or pier with access by watercraft.

2.4.5.2 Two Appr oaches

a) \Where volunes of vehicular novenents are large, at |east two
approaches should be provided to ensure continuous uninterrupted traffic
flows frompier or wharf to shore. At nultiple-berth facilities, approach
structures at least every 500 ft should be considered.

b) Where the width of the pier or wharf is not sufficient to permt
turning of vehicles, two approaches should be provided. Thus, vehicular
traffic may enter and leave the facility without having to turn around.
Cenerally, as it is easier for a truck in tight quarters to negotiate a left
turn, traffic patterns should be designed to favor left turns.

2.4.5.3 Rai | road Access. Were railroad access is planned, a separate
approach is not necessary. However, a separate wal kway should be considered.

2.4.6 Turning Room At the intersection of approach and piers and
wharves, fillets or additional deck area should be provided at corners to
allow for ease in executing turns. \Were a one-lane approach roadway is
provided as the only access, the pier or wharf should have sufficient
turnaround space on the facility so that outgoing vehicles do not have to
back out along the approach.

2.4.7 Safety Barriers. On all approaches, provide safety barriers
adequate for the type of traffic using the facility (pedestrian, vehicular,
and/or rail). However, safety barriers should not be provided in areas where
m ssion operations, such as ship or small-craft berthing, are perforned.
Rai | -only approaches do not normally require safety barriers. Traffic and
pedestrian barrier design shall conform to AASHTO Guide Specifications for

Bridge Rajlings and AASHTO Bridge Guide and Manual Interim Specifications,

2.5 Structural Types

2.5.1 General. The three major structural types for piers and wharves
are open, solid, and floating. QOpen-type piers and wharves are

pil e-supported platform structures which allow water to flow underneath.
Figure 8(A) illustrates the open type. Solid type uses a retaining structure
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such as anchored sheet pile walls or quaywalls, behind which a fill is placed
to form the working-surface. Solid type will prevent streanflow underneath.
Figure 8(B) illustrates the solid structural type. Floating type is a

pontoon structure that is anchored to the seabed through spud piles or
tension lines and connected to the shore by bridges or ramps. The top of the
pontoon can be utilized as the working deck, as shown in Figure 9(A), or a
separate col um-supported working deck can be constructed on top of the
pontoon, as shown in Figure 9(B). Floating structures by definition are not

affected by tidal fluctuations, but they do interrupt the streanflow to sone
extent.
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2.5.2 Conbi nation of Types. Open and solid type can be conbi ned al ong the
length or across the width of piers and wharves where feasible and
advantageous, as shown in Figure 10. However, it is not advisable to conbine
the floating type with the others.

2.5.3 Selection of Type. Several factors influence the selection of one
structural type over the other. Each of these factors should be eval uated
agai nst the construction aad operating costs of the facility before a fina
decision is made on the structural type. Geater enphasis should be placed on
selecting the type that will w thstand unexpected berthing forces and adverse

met eorol ogi cal and hydrological conditions, and will require little or no
mai nt enance.

2.5.3.1 Shoreline Preservation. The structural type is seriously influenced
by aquatic and plant life existing along the shore of the planned facility.

In environmental |y sensitive areas such as river estuaries, the solid-type
wharf, which would disturb or destroy a considerable length of shoreline,
should not be considered. The open structural type, which would have the

| east inpact on the shoreline, should be selected

2.5.3.2 Bul khead Line. Wen the facility extends outshore off an estab-
i shed bul khead Iine, which is the lint beyond which continuous solid-type
construction is not permtted, open-type construction should be used

2.5.3.3 Tidal or Stream Prisns. Where it is required to mnimnze
restrictions of a tidal or stream prism which is the total anount of water

flowing into a harbor or streamand out again during a tidal cycle, open-type
construction should be used

2.5.3.4 Littoral Drift. Along shores where littoral currents transporting

sand, gravel, and silt are present, open-type construction should be used to
mtigate shoreline erosion and accretion.

2.5.3.5 Ice. In general, open-type structures are vul nerable and should be
carefully investigated at sites where heavy accumnul ati ons of sheet or drift
ice occur. Also, when adfreezed ice thaws, large blocks of ice may slide down

the piling, inmpacting on adjacent batter or plunb piles. Thus, the solid type
may be preferable at such sites.

2.5.3.6 Earthquake. In areas of high seismc activity, construction
utilizing sheet pile bul kheads or walls should be carefully considered because
of the high lateral earth pressures that can devel op on the sheet piling.

When a pile-supported platform (with curtain wall) is used for a wharf
structure in conjunction with hydraulic fill which is susceptible to
liquefaction, a rock dike should be considered to resist the lateral forces
that may be caused by liquefaction of the fill. The use of a filter fabric
bet ween the rock dike and granular fill should also be considered. In areas
of extremely high seismc risk, and where tsunam s and seiches are antici-
pated, the floating type should be given serious consideration as it is less

likely to be affected by or will suffer only mnor damage fromthe seismc
activity.
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2.5.3.7 \Water Depths. Open-type construction should be considered in al
depths of water for facilities accommodati ng naval vessels, cargo vessels, and
tankers expected to call at naval facilities. Depth linmits for solid-type
construction, wutilizing sheet pile bulkheads, are inposed by the magnitude of
the applied surcharge, subsurface conditions, and freeboard of the bul khead
above the low waterline. Generally, anchored sheet pile bul kheads may be
considered in water depths up to 30 to 35 ft, where favorable soil conditions
exist. When greater water depths are required at solid-type bul khead
structures, consideration should be given to the use of relieving platforns,
bul kheads consisting of reinforced high-strength steel sheet piles, and
cellular construction. Were the water is very deep close to the shore and
requires very long piles for open type, the floating type, which is unaffected
by water depth, may be nore economical. For additional design criteria, refer
to NAVFAC DM 25.04, Seawalls. Bulkheads and Quaywalls

2.5.3.8 Subsur face Conditions. Ceneral ly, subsurface conditions do not

limt the use of open-type construction. For alnost all subsurface

conditions, wth the possible exception of rock close to the harbor bottom
surface, suitable piles or caissons can be designed to carry the dead and live
| oads into the foundation material below. \Where rock is close to the surface
and pile seating may be difficult and costly, cellular construction should be
considered. \When open-type construction nust be used in an area where rock is
close to the surface, piles should be suitably socketed and anchored into the
rock. Sheet piling, used for bul kheads or retaining walls in conjunction with
platform wharf structures or combination piers, should be considered only when
subsurface conditions indicate that suitable anchorage and restraint for the

toe of the sheet piling can be achieved and where select material is available
for backfill.

2.5.3.9 Fill Loss. When precast concrete and steel sheet pile bul kheads are
used in pier and wharf construction, special care should be given to
preventing fill leaching through the interlocks, causing subsidence of
retained fill. A filter blanket or other nethod that could prevent or contro
fill leaching should be installed to reduce subsidence and consequent pavi ng

mai nt enance.

2.5.3.10 Advance Bases and Renote Areas. For advance bases, where rapidity
of construction is required, open piers and wharves of the tenplate or jack-up
barge type should be considered. Based on past experiences, it is estinated
that a prefabricated tenplate-type structure, 90 ft wide x 600 ft long, could
be erected in about 21 days and a structure of the jack-up type could be
erected in about 3 days. An advantage of the jack-up barge structure is that
it can be moved and reused at other sites. For permanent facilities in renote

areas, the floating type has advantages as the on-site construction is
m ni m zed

2.5.3.11 Construction Tine., Wiere an existing pier or wharf has to be
replaced in active naval stations, the floating type has the advantage of
mnimzing the “downtine.” Conventional construction may take too | ong where
the loss of berths cannot be tolerated. The floating type in such situations
may turn out to be the npbst expedient.
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2.5.3.12 Ship Contact. In certain situations, where tugboats or canels are
not available, sheet pile bul kheads |ocated al ong the outshore face of pier
and wharf structures nay be |ess desirable than open-type construction because
of the greater danger for contact between the sheet piling and the bul bous bow
or sonar dome of a ship during berthing and unberthing maneuvers.

3.5.3.13 Track-Munted Crane. \Were a track-nounted crane is required for
the pier or wharf, the solid type may not be suitable. The susceptibility of
the solid filled type to settlement and noverment will nake it very difficult
to maintain the close tolerance required for rail gage, elevation, and
alignnent. The surcharge | oading on the sheet pile will also be

consi derabl e. For such cases, an independent pile-supported track shoul d be
utilized.

2.5.4 Construction. Several aspects of construction that are unique to

each structural type should be considered as part of the facility planning
phase.

2.5.4.1 Quen.  For open-type margi nal wharves and | andsi de ends of open
piers, the follow ng schemes shoul d be considered for retaining upland fil

a) Platformon Piles and a Curtain Wall at the Onshore Face. See
Figure 11(A). The underwater slope should be as steep as possible, as limted
by both constructional and geotechnical paraneters, thus making the
pile-supported platform narrow and more econonical. In seismcally active
areas, where hydraulic fill susceptible to liquefaction is used for upland
fill, a rock dike may be used instead of the granular fill dike to resist the

lateral forces caused by liquefaction of the fill. The use of a filter fabric
al so should be considered at the hydraulic fill interface

b) Platformon Pile and a Sheet Pile Bulkhead at the Inshore Face.
See Figure 11(B). The sheet pile bulkhead permts a narrower platform The
cost tradeoff between platformw dth and bul khead hei ght should be investi-

gated as the bul khead may be found to cost as nuch or nore than the pile-
supported platform width it saves.

2.5.4.2 Sol i d.

Ret ai ni ng structures may be constructed by the foll owi ng
neans :

a) Sheet Pile Bulkhead. See Figure 12(A). The bul khead consists
of a flexible wall formed of steel or concrete sheet piling with interlocking
tongue and groove joints and a cap of steel or concrete construction. The
bul khead is restrained fromoutward novenent by placing an anchorage system
above the low water level. Many types of anchorage systens can be used. The
nost common types in use in the United States consist of anchor rods and
deadman anchors. The latter could be made of concrete bl ocks, steel sheet
piling, or A-frames of steel, concrete, or tinber piles. For further
di scussion, refer to NAVFAC DM 25.04. In countries outside the United States
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an anchorage system consisting of piles, attached near the top of the sheet
pile bul khead and extending at a |-on-1 slope to enbednent in firm naterial
is often used. Rock or earth anchors consisting of high-strength steel rods

or steel prestressing cables are sonmetimes preferred in place of the anchor
batter piles.

b) Sheet Pile Bul khead and Relieving Platform The relieving
platformis used in conjunction with a sheet pile bul khead to reduce the
lateral load on the sheet piling created by heavy surcharges and earth
pressures. As shown on Figure 12(B), lateral restraint is provided by the
batter piles supporting the relieving platform A variation of this type of
construction is to use only vertical piles for the relieving platformand to
furnish an independent anchorage system consisting of tie rods and deadnan
simlar to the types specified for sheet pile bul kheads.

c) Cellular Construction Consisting of Sheet Pile Cells. See
Figure 13. For further discussion of sheet pile cells, see Section 4,

para. 4.5.4 of this handbook, and NAVFAC DM 7.02, Foundations and Earth
Structures.

d) Reinforced Concrete Caisson. See Figure 14(A). In this type of
construction, concrete caissons are cast in the dry, launched, and floated to
the construction site where they are sunk on a prepared foundation. The
caisson is filled with gravel or rock and a cast-in-place retaining wall is
placed fromthe top of the caisson to the finished grade. This type of
construction is prevalent in countries outside the United States.

g) Precast Concrete Blocks. See Figure 14(B). This form of solid
wharf is a gravity-type wall nade up of large precast concrete bl ocks resting
on a prepared bed on the harbor bottom A select fill of granular material is
usually placed in the back of the wall to reduce lateral earth pressures.

This type of construction is popular outside the United States.

2.5.4.3 Floating. Construction of the floating type usually requires a
flood basin, graving dock, or drydock. The units are essentially constructed
in the dry and floated out and transported (on their own or on barges) to the
site.  Availability of such a facility and transportation of the floating
units through open ocean waters and restricted inland waters for deploynment at
the site are serious considerations. In this respect, the floating type has a
significant advantage over others in that the bul k of construction activity
can be shifted to other parts of the country where |abor, econonic, and
environmental conditions are nore favorable. Qher concepts of construction
such as barge-nounted construction and floating-formconstruction are
described in Naval Civil Engineering Laboratory (NCEL) UG 0007, _Advanced Pier
Concepts. Users Quide
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2.5.4.4 Hydraulic Fill The soil drawn up by the suction head of a dredge
punped with water through a pipe, and deposited in an area being filled or
reclaimed is referred to as “hydraulic fill.” At port and terminal facilities

where land is not available onshore and where dredging is required to provide
adequate water depths for vessels at berths and approach channels, hydraulic
fill is coomonly used for land reclamation because of its availability and | ow
cost. Hydraulic fill may be of good quality, consisting of granular

materials, or may consist of plastic organic silt, which is considered poor
quality.

Wien hydraulic fill is used, the stability of the structure retaining the fil
must be investigated, taking into consideration the effects of adjacent
surcharge loadings in addition to the loadings fromthe fill. The placement
of a select granular fill adjacent to the retaining structure, as shown on
Figures 11 through 14, may be required if the hydraulic fill is of poor
quality. Hydraulic fill is in a |loose condition when placed. To avoid fil
settlements due to |oadings fromother structures, stacked cargoes, and nobile
equi pment, stabilization of the fill may be required. In areas of seismc
activity, the liquefaction of hydraulic fills should be investigated
Stability with regard to both settlenents and |iquefaction may be enhanced by
met hods such as deep densification or by use of sand drains. See Nava
Facilities Engineering Comrand NAVFAC DM 7.03, Soil Dynamics, Deep
Stabilization, and Special GCeotechnical Construction. Material other than

hydraulic fill should be used when the cost of material obtained fromonshore
borrow areas is cheaper than the cost of material obtained from offshore
borrow areas or where good quality fill material is required and is not

avail able offshore. For additional design and construction consideration on
fill construction, refer to NAVFAC DM 7.01, Soil Mechanics.
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Section 3. LOAD REQUI REMENTS

3.1 Dead Loads

3.1.1 Ceneral. The dead | oad consists of the weight of the entire
structure, including all the permanent attachments such as nooring hardware,
light poles, utility boons, brows, platforms, vaults, sheds, and service
utility lines. A realistic assessnent of all present and future attachments
shoul d be made and included. Design of fixed piers and wharves is usually
controlled by live load and lateral |oad requirenents. Hence, overestimation
of dead loads generally will not adversely affect the cost of the structure.
However, overestimation of dead loads will be unconservative for tension or
uplift controlled design. Also, for floating piers and wharves, over-

estimating of dead loads will lead to significant cost penalties.
3.1.2 Unit Weights. Actual and avail able construction material weights

should be used for design. The followi ng unit weights should be used for
construction materials (unless lesser unit weights can be denonstrated by
| ocal experience):

Steel or cast steel ............ ... ... ... ... ... 490 pcf
Cast iron . ... . 450 pcf
Aluminum alloys ........ ... .. .. . . 175 pcf
Timber (untreated) .............. .. ... . ........ 40 to 50 pcf
Tinmber (treated) ............ ... .. i, 45 to 60 pcf
Concrete, reinforced (normal weight) .......... 145 to 160 pcf
Concrete, reinforced (lightweight) ............ 90 to 120 pcf
Compacted sand, earth, gravel, or ballast ..... 150 pcf
Asphalt paving ............. ... . ... ... 150 pcf
3.2 Vertical Live Loads
3.2.1 Uniform Loading. See Table 4 for recomrended uniform |oadings for
piers and wharves. Inpact is not applied when designing for uniform |oads.
3.2.2 Truck Loading. Truck |oadings, as shown in Figure 15, are in

accordance with the American Association of State H ghway and Transportation
Oficials (AASHTO Standard Specifications for H ghway Bridges. Al piers and
wharves should be designed for HS 20-44 wheel loads. In the design of slabs,
beams, and pile caps, an inpact factor of 15 percent should be applied.
Structural elements below the pile caps need not be designed for inpact. Wen
truck loading is transferred through 1 ft 6 in. or nore of crushed rock

bal l ast and paving, and for filled construction, the inpact forces need not be
consi dered for design.

3.2.3 Rai | - Mount ed Crane Loadi ng

3.2.3.1 Portal Cranes. See Figure 16 for wheel |oads of portal cranes and

Table 4 for the rated capacities of portal cranes applicable to piers and
whar ves.
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Table 4

Vertical Live Loads for Pier and Warf Decks

Uni form Mobi | e Rai | - Mount ed Gt her Handling

Loadi ng Crane Crane Equi prrent
Classification (psf) (tons) (l'ong tons) (tons)
Amruni tion 600 90 20-1ift truck
Bert hing 800 140 20-1ift truck
(carriers}
Bert hing 600 90 20-1ift truck
(all others)
Bert hing 600 90 20-1ift truck
(submari nes)
Fitting-out 800 140 50 20-1ift truck

Por t al
Repai r 600 140 50 20-1ift truck
Por t al

Fuel i ng 300 50 10-1ift truck
Suppl y 750 140 20-1ift truck
(general cargo)
Suppl y 1, 000 140 40 20-1ift truck
(contai ners) Cont ai ner

33-straddle carrier
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3.2.3.2 Contai ner Cranes. See Figure 17 for wheel |oads of container cranes
and refer to Table 4 for the rated capacities of container cranes applicable
to piers and wharves. The data shown were derived from several operating
cranes and can be used only for concept study and prelimnary design. Cranes
of varying capacities, configurations, and gages are available. Hence, nore
specific information should be obtained fromcrane manufacturers for fina

desi gn. Recent tendency in container crane design has been to increase the
gage and reach while maintaining the lift capacity between 40 and 50 tons

The increase in gage will lead to higher dead weight of the crane and may
result in higher wheel |oads.

3.2.3.3 \Weel Load Uncertainty. Portal and container cranes are usually
procured separately from the construction funds. The expected wheel |oads may
not be specified on the crane procurement docunents. The actual wheel |[oads
may therefore be higher than anticipated by the facility designer. The nunber
and spacing of wheels are critical to the structural capacity of an existing
facility and structural design of a new facility. Having established the
required capacity and configuration of a crane, the designer of a pier or
wharf should consult with the naval agency in charge of crane procurenent and
obtai n wheel |oads for which the supporting structure should be designed. In
the absence of hard information, the loads presented in Figures 16 and 17
should be increased by 10 percent or nore for the design of the facility.

3.2.3.4 [npact. An inpact factor of 20 percent should be applied to the
mexi mum i sted wheel |oads for the design of deck slab, crane girders, and
pile caps. The inpact factor is not applicable to the design of piles and
other substructure elenents. Also, for filled structures or where |oads are

di stributed through paving and ballast (1 ft 6 in. or nore), the inpact factor
is not applicable.

3.2.4 Truck Crane Loadings. The deck design for open and floating
structural types of piers and wharves is usually controlled by truck crane
| oading. However, the operational constraints inposed by underspecifying
truck crane |oadings are severe. Consequently, care should be taken to
specify realistic |oading

3.2.4.1 \Wheel Loads. See Figure 18 for wheel |oads and Table 5 for
outrigger float loads from 50-, 70-, 90-, 115-, and 140-ton capacity truck

cranes. As a rule of thumb, ground pressures for “on rubber” lifts are about
10 percent higher than tire inflation pressure. Crane manufacturers reconmend
that the majority of lifts be made on outriggers. In addition, capacities for
“on rubber” lifts are substantially less than for “on outrigger” lifts.

Hence, loads for “on rubber” lifts are not listed. Al piers and wharves and

their approaches shoul d be designed for the wheel |oads fromthe designated
truck crane. Refer to Table 4 for designated truck cranes applicable to each
functional type of pier and wharf.
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50 TON |12 1400-20 40 107,566 5,024 21,868 10,164 16,727
70 TON |12 14.00-20 40 114,580 4,683 23,963 12,780 15 865
90 TON ! 12 14.00-24 50 136,789 6,107 28,091 12,115 22,083
115 TON|!2 1400-24 50 163,190 4,521 36,277 15,518 25,280
140TON| 12 14.00-24 50 168,821 6,711 35 494 13,759 28,447
Figure 18
Wieel Loads for Truck Cranes
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Table 5
Qutrigger Float Loads for Mbile Cranes
Boom Boom Over Boom Over Boom Over
Capacity Radi us Length  Corner Back (ea) Side (ea)
(tons) (f1) (ft) (1bs) (1bs) (1bs)
25 and |ess 40 112, 000 98, 000 95, 000
30 40 106, 400 93, 600 90, 200
50 40 40 94, 100 83, 200 80, 300
50 50 90, 700 79, 800 76, 900
60 and nore 60 87, 400 76, 900 74,100
20 and |ess 40 151, 000 124, 000 113, 500
30 40 125, 300 102, 900 94, 200
70 40 40 108, 700 89, 300 81, 700
50 and nore 50 102, 000 83, 700 76, 600
20 and less 50 187, 000 146, 500 137, 500
30 50 160, 800 127, 500 119, 600
90 40 50 140, 300 109, 900 103, 100
50 and nore 50 130. 900 102, 500 96, 200
20 and |ess 50 241,500 198, 000 186, 000
30 50 181, 100 148, 500 139, 100
115 40 50 154, 600 126, 800 119, 100
50 and nore 50 144,900 118, 800 111, 600
25 and less 50 233,500 206, 500 200, 500
30 50 221, 800 198, 200 192, 500
140 40 50 198, 500 175, 500 170, 400
50 50 181, 000 161, 100 156, 400
60 and nore 60 177, 500 156, 900 152, 400
Change 1, 31 August 1990
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3.2.4.2 CQutrigger Float Loads. Table 5 lists outrigger float |oads for
different capacity cranes. The maxinum single float |oad froma boom over
corner positionand maxi mum concurrent pair of float |oads froma boom over
side and back positions are listed. Typically, the float loads are at the
maxi mum when lifting the rated load at a short radius (20 to 25 ft) and should
be used for design. However, for existing piers and wharves, the other |isted
| oads may be used to analyze deck capacity.

3.2.4.3 Impact. An inpact factor of 15 percent shoul d be applied for al
wheel |oads when designing slab, beams, and pile caps. The inpact factor is
not applicable to piles and other substructure elenents. The inpact factor
need not be applied when designing for outrigger float |oads and for design of
filled structures, and where wheel |oads are distributed through paving and
ballast (1 ft 6 in. or nore).

3.2.5 Forklift and Straddle Carrier Loadings

3.2.5.1 Forklifts. See Figure 19 for wheel loads from forklifts and refer
to Table 4 for designated forklifts applicable to piers and wharves.

3.2.5.2 Straddle Carriers. See Figure 20 for wheel loads for straddle
carrier and Table 4 for straddle carriers applicable to piers and wharves.

The straddle carrier shown is capable of lifting a |oaded 20-ft container or a
| oaded 40-ft container. For other types of straddle carriers, refer to ML-
HDBK- 1025/ 3, _Cargo Handling Facilities.

3.5.2.3 Impact. An inpact factor of 15 percent should be applied in the
design of slabs, beans and pile caps. The inpact factor is not applicable for
the design of piles and other substructure. elements, for filled structures,

and where wheel loads are distributed through paving and ballast (1 ft 6 in.
or nore).

3.2.6 Loading. on Railroad Tracks. For freight car wheel |oads, use a live
| oad of 8,000 Ibs/ft of track corresponding to Cooper E-80 designation of the
Armerican Rail way Engineering Association (AREA) Mnual for Railway
Engineering. In the design of slabs, girders, and pile caps, an inpact factor
of 20 percent should be applied. Inpact is not applicable for the design of
piles and filled structures, or where |oads are distributed through paving and
ballast (1 ft 6 in. or nore).

3.2.7 Buoyancy.  Typically, piers and wharf decks are not kept |ow enough
to be subjected to buoyant forces. However, portions of the structure, such
as utilidors and vaults, may be | ow enough to be subject to buoyancy forces
which are essentially uplift forces applied at the rate of 64 pounds per
square foot of plan area for every foot of subnergence below water |evel

Change 1, 31 August 1990
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LOAD
CENTER

o |

MAXIMUM| LOAD | SERVICE | TURNING| WHEEL- | WHEEL ::(E:SI%;::DESA&‘O::S:%

LOAD | CENTER| WEIGHT | RADIUS |BASE (WB)|SPAC.(CCWNSINGLE TIRE| DUAL TIRE

(L8S.) {IN) (LBS) (FT.-IN) (FT-IN) (FT-IN) Las) (LBS.)
10,000 24 15,000 12-10 8-3 6-3 2,000 10,500
12,000 24 16,000 12-10 8-3 6-3 2,500 11,500
15,000 24 19,000 13-0 8-9 6-4 2,500 14,500
16,000 24 19,500 13-0 8-9 6-4 2,500 15,250
20,000 24 20000} 14-0 9-6 6-4 2,500 17,500
24,000 24 25,300 14-9 10-0 6-4 2,500 22,150
30,000 24 34,000} 15-3 10-9 6-6 3,000 29,000
40,000 36 63,000 14-1I 10-0 8-0 2,500 49,000

Figure 19
Wieel Loads for Forklifts
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)
Qo
[ ] o
C
DEAD WEIGHT 67,000 LBS
SERVICE WEIGHT 89,000 LBS
WHEEL LOAD-EACH 26,000 LBS
OVERALL WIDTH (B8) 13'-4"
WHEELBASE (c) 13'-4"
WHEEL CENTERS (D) 1'-6"
INSIDE TURNING RADIUS (H) - 3"
QUT SIDE TURNING (20 ft.CONTAINER) (1) 27-10"
QUTSIDE TURNING (40ft. CONTAINER) (J) 33-4"
MINIMUM (20ft CONTAINER) (K) 19'-4"
MINIMUM (40ft. CONTAINER) (L) 25'-4"
Figure 20

Wieel Loads for Straddle Carriers
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3.2.8 Application of Loadings

3.2.8.1 Concentrated Loads. \Wheel loads and outrigger float |oads from
designated pneumatic-tired equipnment, such as trucks, truck cranes, forklifts
and straddle carriers, should be applied at any point on a pier or wharf

deck. The equi pment may be oriented in any direction and the orientation

causing the maxi mum forces on the structural nenbers should be considered for
desi gn.

3.2.8.2 Sinul taneous Loads. Generally, uniformand concentrated |ive |oads
should be applied in a logical nanner. Designated uniformlive |oadings and
concentrated |ive loading frompneumatic-tired equi pment should not be applied
siml taneously in the sane area. However, uniformlive |oad should be assuned
between crane tracks (for 80 percent of gage). Wen railroad tracks are
present between crane tracks, both track | oads shoul d be applied

si mul t aneousl y. However, the maxi num |oads from each track need not be
assumed.

3.2.8.3 Skip Loading. For determining the shear and bendi ng noments in
continuous menbers, the designated uniformloadings should be applied only on
those spans which produce the maxi mum effect.

3.2.8.4 Critical Loadings. Concentrated |oads from trucks, npobile cranes
forklifts, and straddle carriers, including nobile crane float |oads, are
generally critical for the design of short spans such as deck slabs and trench
covers. Uniform |oading, mobile crane float |oading, rail-munted crane

| oading, and railroad |oading are generally critical for the design of beans,
pile caps, and supporting piles.

3.3 Hori zontal Loads

3.3.1 Berthing Load. Ships are usually brought in with the assistance of
two or nore tughboats while berthing to a pier or wharf. Wnd, current, wave
and tidal forces acting on the ship at the tinme of berthing cause the ship to
i mpact the pier or wharf. To reduce the berthing energy and force transmitted
to the structure, usually a fender system (fender units, fender piles, canels,
and ot her energy-absorbing nechanisns) is used between the ship and

structure. The nagnitude and | ocation of the actual force transnitted to the
structure will depend on the type of structure, type of ship, approach
velocity, approach angle, and fender system enployed. In the absence of
reliable scale nodel test and/or conputer sinulation prograns, the approach
described in Section 5, para. 5.2 of this handbook should be followed for

cal cul ation of berthing | oads.

3.3.2 Mooring Loads. Forces acting on a noored ship are produced by
winds, currents, and waves. The determination of nooring |oads involves an
evaluation of many variables including direction and nagnitude of wi nds,
currents, and waves; exposure of the berth and orientation of the vessel
nunber and spacing of nporing points such as bollards and cleats; |ayout of
mooring lines'; and elasticity of moring lines and the load condition of the
vessel (light, ballasted, or loaded). In sheltered waters where piers and
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wharves are usually constructed, wave forces are not significant and may be
ignored. The current and wind | oad conponents of the nmoored ship are usually
significant and should be calculated separately. Conputer sinulation prograns
and nodel tests have been enmployed in an attenpt to develop a rationa
approach for the calculation of mooring forces but, in view of the
complexities involved in analyzing all the variables and conbinations thereof
criteria for determnation of nmooring forces are generally established based
on judgment and experience with simlar facilities. Forces due to w nds
currents, and waves acting on noored ships should be estinated in accordance
with the nethods discussed in NAVFAC DM 26. 06, Moring Design Physical and
Enpirical Data. Alternatively, or when deemed necessary, nooring forces may
be approxi mated by the nethods discussed bel ow. The nooring forces so
determ ned may be nore conservative than those estinated by the nethods

di scussed in NAVFAC DM 26.06 but, in view of the indeterm nate nature of
nmooring force analyses and the fact that wind and current pressures are very
sensitive to small variations in velocity (varying as the square of the
velocity), the results obtained are considered to be within the range of
accuracy that can reasonably be expected

3.3.2.1 Mooring Arrangements. Ships are noored to piers and wharves by
securing ship nmooring lines to deck fittings located on the nmooring

structure. Mooring forces are transmitted to the structure when the ship
bears on the structure or by tension in the mooring lines. For approximating
forces in nooring lines secured to deck fittings, consider the schenatic
arrangenments shown on Figure 21. The type of nooring arrangenent selected and
nunber of lines used will depend upon the size of the ship, site conditions,
tidal fluctuations, and the preference of the ship's master. The |ayout shown
on Figure 21(A) is typical but nany variations are possible, as shown on
Figures 21(B) and 21(C). As shown on Figure 21(A), bow and stern lines are
generally placed at angles of about 45° horizontally. Spring lines are
general ly at angles of about 5° horizontally and breast lines are al nost
perpendicular to the longitudinal axis of the vessel. Wen breast lines are
omtted, as shown on Figures 21(B) and 21(C), the loads normally carried by
breast lines are carried by the bow and stern lines. Vertically, moring
lines preferably should not be placed steeper than 30° from horizontal. Wen
ships are noored w thout separators and for certain types of ships such as
anmphi bi ous ships, the vertical angles may be steeper. See Figure 21(D). The
latter criteria should be considered when establishing deck elevations.

Consi deration should also be given to the fact that nooring |lines should be at
least 100 ft in length in order to mnimze the possibility of having lines
part due to ship noverments. Types and strengths of nooring lines are

di scussed in NAVFAC DM 26.06. Design and spacing of deck fittings are
discussed in Section 4, para. 4.7.4. \Whatever assunptions are made by the
designer, the ship will use a different arrangenent of nooring |ines and
separators. Hence, it is not unreasonable to assune a pattern of mporing
lines |east favorable to the structure
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Figure 21
Mooring Arrangements
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3.3.2.2 Shin Mtions. A noored ship will develop notions, as shown on
Figure 22(A), due to winds, currents, tides, and waves. The type of notion
wi || depend upon the nagnitude and direction of the external forces acting on
the ship, individually or in conmbination. The fender system nooring
arrangenent, and type of mporing lines should be selected to minimze the
magni t ude of these ship notions and also to mininize the resultant forces
transmitted to the mooring structure.

3.3.2.3 Limiting Conditions. To mininmze the effects of the forces acting
on a nmoored vessel, piers and wharves are generally located in sheltered
waters or are oriented so that a noored vessel is headed into the prevailing
winds, currents, or waves. In sone |ocations, conformance to criteria cannot
be net because the siting of a structure is predeternined by the configuration
of existing facilities. \Wen designing structures for nooring forces

consi deration should be given to the fact that it is not practical or
econonmi cal to design for the maxi mum conbination of w nds, currents, or waves
that exist at a given site. Usually limting conditions for keeping a ship at
berth are observed, because it is expected that a ship will take on ballast to
reduce wind presentment or |leave the berth and put to sea. Before a fina
deternmination is made, the limting wind velocity should be reviewed with the
specific service requirenments of the individual installation considering
pertinent factors such as site conditions, operational requirements, vesse
capabilities, and feasibility and econony of construction. In any case, the
mnimmlimting wind velocity should be taken as 70 nmiles per hour for the
design of the structure and for conputing nooring forces on the fendering
system  The naxi num wi nd velocities (highest average of wind velocities with
30-second duration) as reconmended by NAVFAC DM 26. 06 shoul d be used for
design of nooring hardware

a) Design wind velocities higher than 70 nph should be consi dered
in a situation where a noored ship cannot be readied to | eave the berth and
put to sea prior to the onset of a storm or because the ship is noored at a
pier or wharf which is located in an area of rapidly devel oping storns and
sufficient advance warning is not available. This problemis particularly
critical to large ships such as carriers which may be in a “cold iron” status
and will need several days to prepare to leave a berth. \ere wind speeds
hi gher than 70 niles per hour can be expected nore frequently, consideration
shoul d be given to locating high-capacity (200 tons or nore) “storni bollards
along the centerline of the pier or inboard edge of the wharf, where the ship
can be tied up to a nore favorable line angle

b) Long period waves or swells, generated over |ong fetch
di stances, are considered hazardous for all ship classes and when data
indicate that swells may occur at a site, special investigations and studies
are required to determine limting conditions. Beam currents acting broadside
to a noored ship, with velocities greater than 2 knots, should be avoided
where feasible, because of the large forces created. Bow and stern currents,

parallel to the longitudinal axis of a ship, can be tolerated up to velocities
of about 5 knots.
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3.3.2.4 Citical Loadings. In the determnation of nooring forces due to
winds, current, and waves, the following factors should be considered

a) The structure should be capable of holding any one ship at berth
for the maximum wind velocity in a multiple berth pier. Also, in a dedicated

single-berth pier where the ship can be tied up only to one pier, the maxi mum
wind velocity should be used

b) Forces acting parallel to a noored vessel on the bow or stern,
at angles of attack of 0 or 180° produce maxi mumloads in spring lines. (See
Figure 23.) VWhen one ship is at berth, the yawi ng noment, approxinately equa
to the total longitudinal force multiplied by half the ship’'s beam plus the
wi dth of canels and/or fendering devices, need not be considered but, when

several ships are berthed in nests, the effect on the yawing moment should be
i nvesti gat ed.

c) Forces acting perpendicular to the longitudinal axis of a noored
ship at angles of attack of 90° or 270° generally produce the maxi mumtota
forces on the ship. Referring to Figure 23(A), when the angle of attack is
90") the external forces will push the ship onto the structure and the nooring
loads will be transmitted to the structure along the parallel body of the ship
in contact with the fender systemor along the contact |engths of separators
pl aced between the ship and the fender system of the structure. The parallel
body of a ship refers to the m dbody of the ship al ong whose | ength the hul
cross section is constant and the sides are vertical. Generally, conbatant
shi ps, designed for speed, have shorter parallel bodies and nore rakish
forebodies and afterbodies than slower cargo ships with |onger parallel bodies
and blunter ends. Wen the angle of attack is 270°, the ship will be pushed
off the structure and the resultant loads will be transnitted to the structure
by tension in the nooring lines. The total force acting on the ship may be
assuned to be divided equally between the fore and aft breast lines or, in the

absence of breast |ines, between the nmooring lines, fore and aft, absorbing
the force.

d) Quartering forces are those forces which act at angles of attack
approxi mately equal to 45°, 135°, 225°, and 315°. (See Figure 23.) The
yaw ng nmonments produced are maxi mum under these conditions and, when forces
tend to push the ship off the structure, produce maxi mum | oads in the breast
lines. Forces due to quartering winds or currents may be approxi mated by
assuming that the total lateral force is equal to 0.75 tinmes F and the yaw ng
nmonent is equal to 0.09 times F times L where Fis the total force acting
broadside to the ship (at right angles to the longitudinal centerline of the
ship) and L is the length of the ship. The maximumload in the fore and aft
breast lines is approximately equal to one half the total lateral force plus
the force obtained by dividing the yawi ng moment by the distance between
breast lines, which is the lever armof the resisting nonent. The force due to
the yawing nonent is additive or subtractive, depending upon the direction of
the quartering winds or currents. Wnd and current forces on separators may
be approximated in the same manner except that L is the distance between
centerlines of separators.
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e) Wnd and current directions within a sector described by angles
of 20°, each side of the longitudinal axis of a noored ship, may be considered
as parallel to the ship. Simlarly, wnd and current directions within the
sector described by angles of 20°, each side of a line perpendicular to the
| ongi tudinal axis of a ship, may be considered as perpendicul ar or broadside

to the ship. Directions between the sectors described may be considered as
quartering winds and currents.

f) Prevailing winds and currents are not necessarily the
strongest. Wnds and currents of greater intensities, but which occur |ess
frequently, may come from other directions. Accordingly, when deternining
mooring |oads, consideration should be given to winds and currents acting in
the direction which produces the maxi num | oads.

g) Wien ships are berthed on both sides of a pier, the wind |oad on

the ship in the leeward berth may be approxinated to be 50 percent of the wi nd
| oad on the w ndward vessel.

3.3.3 Wnd Loads on Structures. Wnd forces on the pier or wharf
structure, sheds, container and portal cranes, and other stationary facilities
shoul d be estimated fromthe criteria discussed in NAVFAC DM 2. 02, Structural
Engineering - Loads. The mininmumforce should be equivalent to a w nd
velocity of 80 nph.

3.3.4 Eart hquake Loads

3.3.4.1 Citeria. Al piers and wharves located in seismically active areas
shoul d be proportioned to resist earthquake forces in accordance with the
requirements of the AASHTO, Standard Specifications for H ghway Bridges.
Dynami c analysis of the structure for a locally accepted site-specific
response spectrum nmay be used as an alternative. For open piers and wharves,
t he approach recomended by Tudor/PMB Consulting Engineers in Seisnmc Design
of Piers (a NAVFAC-sponsored study) may also be used as an alternative. The
AASHTO net hod considers the interrelationship of factors such as the |ocation
of the site relative to active faults, the effect of the overlying soil on the
earthquake nmotion, and the dynam c response characteristics of the structure.

When appl yi ng the AASHTO nethod to the design of piers and wharves, the
foll owing should be considered:

a) The weight of the structure should include the total dead |oad
and a percentage of the design live load. The percentage of live load to be
used shoul d be 10 percent for all the functional types. For supply piers and
wharves, 20 percent or higher should be used. For infrequently used
facilities where there is less likelihood of any live load on the deck, this
percentage of live load to be included may be omtted.

b) The depth of overburden to “rock-like” material should be
determined from borings or other geological data.
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c) The maxi mum expected accel eration expressed as a percentage of
“g" at bedrock, at the site, should be estimated. This earthquake coeffi -
cient is approxi mated by eval uating past earthquake history, plotting active
faults, assigning probabl e earthquake magnitudes to the faults, relating the
earthquake nagnitudes to rock acceleration levels and, finally, determ ning
the attenuation of rock acceleration |evels at points distant fromthe
faults. If data, based oa the procedure outlined above, are not avail able,
peak rock acceleration levels assigned to seismic zones delineated on the
seismic risk map of the United States as outlined in the AASHTO criteria, nay
be used. These rock acceleration levels are the maxi mum expected val ues for
the various seismc risk zones and, in certain cases, may result in seismc
forces larger than necessary because of distance from active faults.

d) In determning the seismc force the period of vibration of the
structure shall first be calculated

e) The framing factor should be taken as 1.0 for framing using both
plumb and batter piles and 0.8 for fram ng using only plumb piles.

f) The design of the structure should be adequate to resist seismc
forces assumed to act nonconcurrently in the direction of each of the main
axes of the structure.

3.3.4.2 Locations Qutside the United States. |If peak rock accelerations
determ ned by the nore exact nethod discussed in paragraph 3.3.4.1 are not
avail able, bedrock accelerations, assigned on the basis of seismic risk zones
as specified in the AASHTO criteria, shall be used. Seismic risk zones are
related to maxi mum earthquake intensity, measured on the Mdified Mercall

(MM Intensity Scale (1931) as follows:

Zone 0. . .. ... ... No damage

Zonel. . ... ... .. Mnor damge, MV and M

Zone 2. .. ... ... . Mderate damge, M VI

Zone 3. . ... Myjor damage, MM VII1I and |arger

Zoned . ... Great damage, areas within Zone 3 close to a

major fault system
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Cari bbean Sea:

Medi t erranean Sea:

Atlantic Ccean:

| ndi an Ccean:

Paci fic Ccean:

3.3.4.3 Enbanknents and Fills.
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Bahana | sl ands
Canal Zone
Leeward |Islands
Puerto Rico
Trinidad |sland

Tur key
Ankar a
Kar anur se

Spain
Rot a

Azores
Ber nuda
G eenl and
I cel and (Kefl avik)
Diego Garcia
Caroline |Islands
Koror, Palau
Ponape
Johnston |Island
Mari ana | sl ands
Guam
Kwaj al ei n
Sai pan
Ti ni an
Marcus |sland
Cki nawa
Philippine Islands
Sanpa | sl ands

Wake |sland

For determining the stability of

N NWwPNE

—

(RSN N

N

| ocations outside of the United States are listed bel ow

Seisnmic Zone

enbanknent s

and fills at solid wharves, When subjected to earthquake forces, refer to
NAVFAC DM 7. 02, Eoundations and Farth Structures, and NAVFAC DM 25. 04,
Seawal I's. Bul kheads and Quaywalls.

58



M L- HDBK- 1025/ 1

3.3.4.4 Floating Structures. Usually, floating structures are not directly
affected by seisnic events. However, waves created by offshore seismc
activity such as a seiche and tsunami wll affect floating structures. Al so,
the nooring system enpl oyed (spud piles and chain) will be subjected to the
ground notions and should be investigated.

3.3.5 Earth and Water Pressures

3.3.5.1 Static Case. Static earth pressures, acting on retaining struc-

tures, are determned in accordance with the criteria detailed in NAVFAC
DM 7. 02.

3.3.5.2 Dynanmic Case. Seismic forces may cause increased |ateral earth
pressures on earth-retaining wharf structures acconpanied by | ateral novenents
of the structure. The degree of ground shaking that retaining structures wll
be able to withstand will depend, to a considerable extent, on the margin of
safety provided for static loading conditions. In general, wharf retaining
structures, designed conservatively for static |oading conditions, may have a
greater ability to withstand seisnmic forces than those designed, nore
economically, by less conservative procedures. Methods for deternining
lateral earth pressures due to seisnmic forces are discussed in NAVFAC DM 7.02.

3.3.5.3 Water Pressure. Pressures due to water level differentials,
resulting fromtidal fluctuations and/or groundwater accunul ations, should be
considered in the design of sheet pile bul kheads, cells, and curtain walls,
and in stability investigations for enbankments and fills. Additional |oading
due to hydrodynamic pressure for retaining structures as addressed in NAVFAC
DM 7.02 should also be considered in seismc areas. For an estinmation of the
amount of tidal lag, refer to NAVFAC DM 25. 04.

3.3.6 Thernal Loads

3.3.6.1 Tenmperature Differential. The effect of thermal forces that build
up in the structure due to fluctuations in tenperature fromwhat was nmeasured
at the time of construction should be considered. For piers and wharves

whi ch, by definition, are constructed along waterfronts, the |arge body of
wat er avail abl e has a substantial noderating effect on the structure.
Consequently, the structure may not attain an overall tenperature 10" F to
20°F higher or |lower than the water tenperature. The effect will be even
less for ballasted deck construction. However, unballasted decks may see a
large tenperature differential through depth. Solid-type piers and wharves

and floating structures are less likely to be affected by tenmperature
vari ations.

3.3.6.2 Pile-Supported Structures. Typically, decks of pile-supported
structures will be subjected to tenperature differentisl. However, since the
axial stiffness of the deck elements will be nuch higher than the flexural
stiffness of piles, the deck will expand or contract w thout any restraint
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from piles (for narrow marginal wharves, the short inboard piles may offer
sonme restraint, and hence need to be anal yzed) and will subject the piles to
bending moments and shear forces. Batter piles should be located so as not to
restrain thermal notion (usually in the mddle portion of a long structure).

3.3.7 Ice Forces. In addition to the weight of accunulated ice on the
structure, consider the forces exerted by floating ice. The principal npbdes
of action of floating ice are shown in Figure 24 and discussed bel ow.

3.3.7.1 Dynanmic Inpact. Follow the criteria in the AASHTO standard to the
extent feasible. For lightly |oaded structures and for open pile platforns,

these criteria may result in structures of unreasonable proportions. In such
cases, consider reducing the AASHTO criteria in accordance with the Canadi an
code. See Charles R Neill, “Dynamic lce Forces on Piers and Piles,” Canadian

Journal of Civil Engineering, Vol. 3, 1976. The values of effective pressure
are

AASHTO ................. 400 psi
Canadian Code .......... 100 to 400 psi (highway bridges)
Canadian Code .......... 200 to 250 psi (wharf piles)

3.3.7.2 Static Pressure. Freshwater ice will exert |ess pressure on a
structure than seawater ice of the same thickness. For freshwater ice,
pressures of 15 to 30 psi may be assuned. For sea ice, pressures of 40 psi to
as nuch as 150 psi may be assunmed. These are maxi mumvalues and relate to
crushing of the ice. If the ice sheet can ride up on the nearby shore, the
pressure exerted will be less than if the ice sheet is confined within
vertical boundari es.

3.3.7.3 Slow Pressure. Broken ice floes will exert less pressure than a
solid ice sheet. In general, the pressures developed in this node of action
will be less than those to be experienced under the static pressure node of
action. Reliable values of pressure are not presently avail able.

3.3.7.4 Vertical Mvenent. Assune that the structure will l[ift or depress a
circular sheet of ice. Calculate the radius of the affected ice sheet on the
basis of the flexural strength of ice as 80 to 200 psi. Check the shear on

the basis of the strength (and adhesion) as 80 to 150 psi. Consider the
formation of bustle (added thickness) of ice around the structure. See
Bernard Mchel, lce Pressure on Engineering Structures, Mpnogram IIl-B1B, U.S.
Arny Cold Regions Research Engineering Laboratory.

3.3.8 Shrinkage. Qpen pier and wharf decks which are usually constructed
fromconcrete conponents are subject to forces resulting fromshrinkage of
concrete from the curing process. Shrinkage loads are sinilar to tenperature
loads in the sense that both are internal |oads. For |ong continuous open
piers and wharves and their approaches, shrinkage |oad is significant and
should be considered. However, for pile-supported pier and wharf structures,
the effect is not as critical as it may seemat first because, over the |ong
time period in which the shrinkage takes place, the soil surrounding the piles
will slowmy “give” and relieve the forces on the piles caused by the shrinking
deck. The Prestressed Concrete Institute, PC Design Handbook is recommended
for design.
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3.3.9 Cr eep.

construction.
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This is also a material-specific interna
shrinkage and tenperature and is critica

shoul d be evaluated using the PCl Design Handbook.

3.4 Load Conbi nations

3.4.1 General .
the | oad conbinations represented by Table 6.
and the foundation elenments should be analyzed for all the applicable

Table 6 lists load factors (f-) to be used for each conbination
and the percentage of unit stress applicable for service |oad conbinations.
The al gebraic signs (+ or -) should be those that produce the nost unfavorable

conbi nati ons.

(yet realistic)

EQUATION

S or U

wher e

o
Il

—h
>
|

3.4.2 Load

| oadi ng.

fD(D) +fL (Lc+|

+fc (O +fe (B + fgg (BEq) + fy (W + fy (V)

+ frsr (R+ S+ T)

Piers and wharves should be proportioned to safely resist
Each conponent of the structure

or Lu) + fBe (Be) + fB(B)

+ flce (Ice)

Servi ce | oad conbi nati on

Utimate | oad conbi nation

= Load factor

Synbols. The follow ng |oad synbols are applicable for

Equation (1)
D

Ly

C

I
B

W =

Dead | oad
Live load (uniform

l[isted in Table 6

Live load (concentrated)

I mpact load (for L, only)

Buoyancy | oad

Berthing | oad
Current |oad

Earth pressure |oad
Eart hquake | oad

Wnd |oad on structure

Wnd [ oad on ship
Creep/rib shortening
Shri nkage
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T = Tenperature | oad
Ilce = Ice pressure
3.4.3 Service lLoad Design. Tinber structures for piers and wharves shoul d

be proportioned using the service | oad conbinations and al |l owabl e stresses.
Concrete and steel structures may also be designed using the above approach.
The service | oad approach should al so be used for designing all foundations and
for checking foundation stability.

3.4.4 Load Factor Design. Concrete structures for piers and wharves nmay be

proportioned using the |oad factor (ultimte strength) nethod; however, they
shoul d be checked for serviceability and construction | oads.
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Table 6
Load Factors (fy),

and Al lowable Stresses

Service Load Design

S1 s2 s3 S4 | S5 S6 s7 S8 S9
H
D* 1 1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Ltlorl, 1 .1 1 1 1.0 & 1.
B 1 1 1.0 1 1.0 1.0 1.0 1.0 1.0
Be 1.
1.0 1 1 1 1.0
1.0 1.0 1.0 1.0 | 1. 1 1.0 1.0
Eq
W .3 1. 0. 1.0
Ws .3 1. 0.
R+S+T 1.0 1.0 i
Ics : 1.0 1.0
% Allowable Stress 100 100 125 125 | 140 140 133 140 150
i
Lcad Factor Design
1 . . ) .
U1 i U2 i U3 U4 s i3 C7 U8 U9
| i i
i ' 1
D 13 1 1.3 113 1 f1.2s 125 [ 1.3 |13 1.2
L*lorL C1.TRe 017 | 1.3 1 ’ 1.25 | *=* 1.3
& : !
B 1.3 1.3 1.3 1 1 1.25 1.25 1.3 1.3 1.2
Be 1.7
]
c 1 1 | 1.25 1.25 1.2
E 1.3 1.3 1.3 1.3 1.25 1.25 1.3 1.3 1.2
Eg 1.3
[ '
W | 1.2% 0 1.2
Ws l'1.25 | 0.3
R+S+T 1.3 | 1.25 | 1.25
i
Ice | 1.3 1.2
* 0.90 for checking nembers for mninum axial load and naxi mum noment.

** 0.0, 0.10, or
for earthquake

0. 20,
| oad

*** 1.3 for maxinum outrigger

depending on the live
cal cul ati ons.

fl oat

| oad assuned to
See Earthquake Loads,

load from a truck crane.
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Section 4. STRUCTURAL DESI GN

4.1 Types of Construction

4.1.1 Qpen Piers and Wharves. Depending on the naterials and concepts
used, the facility can be constructed by any of the follow ng nethods

4.1.1.1 Conventional. Typically, an open pier or wharf consists of a system
of plumb or batter piles on which a deck is constructed. The piles may be
made of steel, precast concrete, precast prestressed concrete, tinber, and
steel/concrete conposite. In a nmarginal wharf, this system may be

suppl emented by a |line of bul khead (steel or concrete sheet pile, cast-in-

pl ace concrete wall) on the shoreside. The deck is usually made of concrete

al though, for light-duty facilities, a timber deck may be used. The nore

popul ar concrete decks may be all cast in place, all precast, or a conposite
of the two .

4.1.1.2 Jack-up Barge. See Figure 25. This type consists of a structura
steel seaworthy barge provided with openings for steel caissons which are

| owered to the harbor bottom when the barge has been floated into fina
position. The barge may be conpletely outfitted during construction with ship
fenders, deck fittings, and utilities including power, Ilighting,

communi cations, water supply, sanitary facilities, etc., so that once it is
jacked into position and utility tie-ins are made, it is ready to receive
ships. Circular pneumatic gripping jacks, nounted on the deck above the
cai sson openings, pernt the barge to be elevated in steps. The barge is

| oaded with steel caissons, a crane for pile erection, and other tools and
materials required for the field work, and is towed to the site.

At the site, the barge is noved into approximte position and the caissons are
dropped through the jacks and hull by the crane. The caissons, suspended
above the harbor bottom and supported by engaging the jacks, are seated into
the harbor bottom by dead weight. The barge-like deck is jacked to the
required elevation and |ocked. Each caisson is then released fromits jack
and driven to refusal or required penetration. \Wen all caissons are driven
the hull of the barge is welded to the caisson, the jacks are renoved, and the
caissons are cut off flush with the deck and capped with steel plates. In
some situations, the caissons are filled with sand to avoid buoyancy

problems. Jack-up barge type structures are also constructed using hydraulic
jacks and open-trussed towers instead of pneumatic jacks and circular caissons.

4,1.1.3 Tenplate. See Figure 26. This type involves the fabrication of the
various structural conponents of the pier, transportation of the pre-
fabricated units to the construction site by barge, and erection of the
prefabricated units to form the conpleted facility. As noted under jack-up
barge, the tenplate type pier may be outfitted, beforehand, with the

utilities, deck fittings, and services that are needed to produce a fully
working berthing facility.
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Qpen Pier, Jack-up Barge Type
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The prefabricated structural steel units consist of tenplates, deck assenblies
made up of cap beans or trusses and stringers, tubular piles, fender units,
decking (tinber or concrete), fittings, and mscellaneous hardware. The
tenplate is an assenbly consisting of four or nore tubular col ums connected
with tubular bracing and wel ded together to forma structure of height
approximately equal to the depth of water in which it is to be installed. A
floating crane is used to transfer the tenplate fromthe transporting barge
and position it on the harbor bottom Steel piles are placed through the
tenplate tubular colums and driven to refusal or the required penetration.
If the harbor bottomis very soft, the tenplate is held in a suspended
condition while the steel tubular piles are placed and driven through the
tenplate colums. After pile driving, the space between the piles and the
tenplate colums is filled with grout. As succeeding tenplates are erected
deck units, decking, fender units, and fittings are placed to formthe
conpleted marine facility.

4.1.2 Solid Piers and Wharves. Refer to Section 2, para. 2.5 of this
docunent, for different methods of solid-type construction.

4.1.3 Floating Piers and Wiarves. Refer to Section 2, para. 2.5, for
different nethods of floating-type construction.

4.2 Construction Mterials

4.2.1 Tinber. For the mmjor functional types such as ammunition,

berthing, repair, fitting-out/refit, and supply piers and wharves subject to
hi gh concentrated wheel |oads, tinber construction should not be considered
For light-duty piers and wharves, such as fueling, tenporary, and degaussing/
depernming facilities, tinber framng for deck and piling may be considered
However, tinmber may be nore effective and optinmal for fender systens,

dol phins, wal kways, utility trays, and deck-supported snall buildings

4.2.1.1 Preservative Treatnent. All tinber nmenbers exposed to the marine
environment and i mersed in salt water or fresh water should be pressure
treated with oil borne (creosote, pentachl orophenol) or waterborne (salts)
chenical preservative to protect against deleterious effects of decay,

insects, and marine borers. Fender piling in |less severe environnments my be
untreated. In warnmer waters where severe marine borer activity can be
anticipated, dual treatment using both creosote and salt should be enployed
The staff entonol ogi st at the cognizant field division should be consulted for

specific information on marine organisns present in the waters and the
treatment required.

Preferably, treatnent should be made after all holes and cuts are nade. When
hol es and cuts are nade in the field, tinber menbers should be treated with
preservative to prevent borer activity from starting in the holes. This is
difficult to do properly in the tidal zone, and especially so below mean |ow
water. Design and detailing should be such as to avoid the necessity for
maki ng cuts or holes on piles underwater where treatnment is difficult. Were
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possible, avoid bracing or connections below mean |ow water. Al connection
har dware should be suitable for the saltwater inmmersion and exposure. For
above-water construction, waterborne salt treatnent is preferable as creosote
treatment stains clothing and smears on equi pnent.

4.2.1.2 Tinber Species. Douglas fir and southern pine are the nore popul ar
species for waterfront construction. Southern pine piles are linmted to 65 ft
in length, whereas Douglas fir piles and poles can be used up to |00-ft
lengths. Large beams and tinmber sizes needed for chocks and walers are
general ly available only in Douglas fir and southern pine. Chocks and walers
shoul d be treated with waterborne salts and not oil borne preservatives such as
creosote. The cost and availability of tinber piles and other menbers should
be evaluated for the project site under consideration.

4,2.2 Steel. When protected against corrosion by the use of coal tar
epoxy or other marine coatings and cathodic protection systenms, stee
construction may be considered for all types of marine structures. However
active cathodic systens are difficult to design, construct, and naintain
properly. Passive systens are preferred. Steel is particularly adaptable for
use in tenplate and jack-up barge construction at advance base facilities, as
piles for structures located in deep water where high |ateral forces nust be
resisted, as fender piles and fender panels, as piles for structures |ocated
in areas of high seismc activity, and where difficult driving is
anticipated. Wien the utilization of other construction materials is
considered feasible, the use of steel construction may be restricted by cost
and nmai ntenance requirenents.

4.2.3 Concrete. For piers and wharves, concrete is generally the best
material for construction. Properly designed and constructed facilities are
highly durable in the marine environment. Concrete is immune to narine borer
and insect attack and is inconbustible. Precast concrete piles should
preferably be prestressed to resist the tensile forces frequently encountered
during driving. Corrosion of reinforcenent in prestressed concrete piles even
after cracking can be controlled by proper nix design and, in extreme cases,
by epoxy coating the reinforcement. However, sufficient control must be
exercised during driving of concrete piles to reduce cracking to a mininum
Where difficult driving into very conpact sands, gravels, or rock is
anticipated, the tip of the piles may be equipped with a W-shape or Hpile
“stinger” to achieve needed penetration. Very large hollow cylindrical piles
(48-in. dianeter and nore) have been successfully enployed for waterfront
construction. Concrete is also ideal for deck construction in open-type piers
and wharves and, when properly designed, is nore economical for floating
structures. Proprietary stainless steel reinforcenent bars, wires, and
strands have been devel oped for use in concrete construction where nonmagnetic
properties are desired as in degaussing/deperming facilities.

4.2.4 Conposite. Although not very popul ar, conposite piles made of
concrete and steel have been successfully employed in piers and wharves.
Concrete-filled pipe piles and steel Hpiles with a concrete casing are the
more comon types. The concrete casing or jacket for the latter type nay be
required only in the splash or tidal zone
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4.2.5 Alum num  For deck-supported structures and supporting of piping
and conduits, alumnum nenbers are useful. However, unprotected alum num
shoul d not be used under water or in the splash zone. Also, to prevent
corrosion, alumnumshould be electrically isolated from adjacent materials by
nonconduct i ve gaskets, washers, or bolt sleeves. Al unmnum construction is
used in the superstructure of degaussing/deperning facilities, due to the
nonmagnetic characteristics of the naterial.

4.2.6 Plastics. Fiberglass-reinforced plastics (FRP) and ultra high

nmol ecul ar wei ght (UHMN plastics are being increasingly used in waterfront
construction. FRP grating and shapes are highly durable in the marine
environment when shielded from ultraviolet rays, UHWVplastics are useful in
fender systens design as rubbing strips where a high abrasion resistance and
low coefficient of friction are required. However, these are fairly new
materials of construction for piers and wharves and due caution should be
exercised in their selection and usage.

4.3 Al | owabl e Stresses

4.3.1 CGeneral. Allowable stresses for materials used in pier and wharf
construction conformto NAVFAC DM 2.01, Structural Engineering - Ceneral
Requirenents. Applicable service classifications are described in NAVFAC

DM 2.01 and are based on the type of loading. For exanple, elements designed
for noving concentrated | oads should be proportioned to criteria for Service
Classification A Elements designed for uniform loads or static (or fixed)
concentrated | oads should be proportioned to criteria for Service
Cassification B. Elenents subject to both types of |oading should be
proportioned for the nore critical of the two criteria. Alowable stresses
for fender system design are discussed in Section 5, para. 5.4.4.3.

4,3.2 Tinber. Refer to NAVFAC DM 2.05, Structural Engineering - Tinber
Structures, for design standards. Allowable stresses are generally not
affected by preservative treatnent. However, nodulus of rupture and nodul us
of elasticity are considerably reduced by preservative treatment. See Table 4
of NAVFAC DM 25.06, General Criteria for Waterfront Construction. Wen
preservative treatnment for fire retardation is used, the allowable stresses
should be reduced by 10 percent.

4.3.3 Steel. Refer to NAVFAC DM 2.03, Structural Engineering - Steel
Structures, for design standards.

4.3. 4 Concrete. Refer to Naval Facilities Engineering Command NAVFAC
DW2.04, Structural Engineering - Concrete Structures, for design standards.
Furthernore, for prestressed concrete deck menbers, tensile stresses should be
limted to 6 "f,' for Service Load Combination SI. Al reinforced

concrete deck menbers shoul d neet the crack control requirenents for severe
exposure. \Were nmenbers are continually and intermittently submerged, and
where there is uncertainty as to whether an inperneable concrete will be

obt ai ned, epoxy-coated reinforcement and ot her corrosion protection methods
shoul d be considered.
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4.3.5 QO her Materials. Al other structural materials should be governed
by requirenents of M L-HDBK-1002/6, Structural Engineering - A um num

Structures. Masonry Structures. Conposite Structures and Gther Structural
Materials. Fiberglass-reinforced plastics (FRP), ultra-high nolecular weight
(UHWN plastics, and other new materials shoul d be governed by the accepted
industry standards for structural design and detailing.

4.4 Deck Structure Design
4.4.1 Deck Franming. Concrete is generally considered the best material

for deck framng and should be used for most pier and wharf decks. A though
timber, steel, steel/concrete conposite, and tinber/concrete conposite decks
hsve been used in the past, they are neither cost-effective nor suitable for
the high concentrated load capacities currently denanded of decks. From
durability, mintenance, and life-cycle cost viewpoints, a concrete deck is
superior and is highly recommended. The deck fram ng should be sl abs
supported on pile caps, utilizing an all cast-in-place, all precast, or
conposite construction, as shown in Figure 27. For the concentrated | oads
which typically control the deck design, a solid slab with its high punching
shear resistance is recommended. Framing systems using thin slabs, as in
cast-in-place slab/beanigirder systems, should not be used because of their
tendency to spall along beanfgirder corners and edges. (Cccasionally, where
hi gh concentrated | oads are not specified, voided slabs may be used. For
distribution ‘of horizontal |oads, pier and wharf decks should be continuous,
with as few expansion joints as possible. \Were expansion joints are needed,

t he deck on each side of the joint should be supported on a separate pile cap
or girder.

4.4.2 Placenment of Concentrated Loads. Vertical concentrated wheel | oads
from nobile cranes, trucks, and other vehicles and outrigger float |oads from
mobi | e cranes may be placed anywhere on the deck, since operational control is
not feasible. Trench covers, utilidor covers, and access hatch covers shoul d
be designed to handle the concentrated |oads, where they are accessible to

mobi | e equi pnent. However, designated areas on the pier deck may be exenpted
from wheel |oads or outrigger float |oads, or designed for |esser |oads, when

curbs, railings, and other physical barriers are provided to isolate those
areas from vehicle access.

4.4.3 Distribution of Concentrated Loads

4.4.3.1 Truck, Forklift, Straddle Carriers. Concentrated wheel |oads from
these vehicles are applied through small “footprints” to the deck structure.
The distribution of these |oads and computati on of maxi mum nonments and shears
may be in accordance with the American Association of State H ghway and
Transportation Oficials (AASHTO, Standard Specification for Hi ghway

Bri dges. However, this nethod is very conservative. Using Adolf Pucher’s,
Influence Surfaces for Elastic Plates, for different edge conditions vyields
more reasonable results.
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4.4.3.2 Mbile Crane Float Loading. Typically, truck-munted nobile cranes
make the lifts while supported by outriggers. To reduce the concentration of
| oads, manufacturers provide |arge pads or floats through which all the |oads
are applied to the deck. Operators can be expected not to locate the
outrigger on snall manhole covers and narrow |ight-duty trench covers which

| ook obviously weak. However, they will locate the outrigger on all other
areas. The float |oading may be distributed and deck nmoments and shears
conputed using any of the nethods for wheel |oads. However, the influence
surface approach is nore appropriate and is recommended

4.4.3.3 Rai | road Loading. Wheel |oads should be distributed to the deck
menmbers in accordance with the American Railway Engineering Association
(AREA), Manual for Railway Engineering.

4.4.3.4 Rail-Munted Crane lLoading. Typically, rails for portal and
cont ai ner cranes are supported on separate crane girders or beans or pile
caps. Since the wheel spacing of nost cranes is no nore than 4 ft, where

crane support beans are at least 2 ft deep, the wheel [oads may be converted
to an equivalent line |oad

4.4.3.5 Bal | asted Deck. \Where ballasted deck construction is used, the
footprint of concentrated | oads can be increased by assum ng a 45"
distribution through the ballast and paving

4.4.4 Distribution of Horizontal lLoads. Piers and wharves are subjected
to concentrated lateral loads from berthing and nooring of ships. The deck
structure is expected to behave as a “shear diaphragni and distribute the
|ateral loads to pile bents or to the bul khead. The actual |oad received by
any pile bent will depend on the relative stiffnesses of the pile bents and
rigidity of the diaphragm The behavior is anal ogous to a “beam on elastic
foundation” and is best handled by a stiffness analysis using conputers. For
relatively sinple and uniform bent spacing hand cal cul ations may suffice.

4.4.4.1 Berthing Forces. Berthing forces are considered to be transmtted
by a berthing ship along an assumed contact |ength of fender system and then
further distributed by the diaphragm action of the deck to the individua

bents. See Figure 23. At narginal wharves, the retained upland fill absorbs
the berthing force transmitted by the deck. At bul kheads where sheet piles
are enployed to retain upland fill, berthing forces are transmtted directly
to the fill. At piers and wharves, horizontal berthing forces are resisted by

batter piles, by adequately sized vertical piles, or a conbination of both.
Where the fender piles are used in conjunction with separators, only that part
of the load transnmitted at the deck |evel need be considered

4.4.4.2 Mooring Forces, The ship contact |ength, when separators are not
used, nay be taken as 25 percent of ship’'s length for cruisers, destroyers,
and frigates, and as 50 percent of ship's length for auxiliary and anphi bi ous
warfare ships. Mooring forces acting away from piers or wharves are
transmitted to the deck as point |oads through deck fittings where nmooring
lines are attached. It should be remenbered that nmooring lines are often
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used at an upward angle for surface ships and at a downward angle for
subnari nes.

4.4.5 Pile Caps. For construction sequence reasons, in piers and wharves
it is often cost-effective to orient pile caps (and hence pile bents)
transverse to the length of the structure. Wen this orientation is used

| ongi tudi nal pile caps are not needed unl ess crane trackage support or

| ongi tudinal seismc resistance is to be provided. For marginal wharves where
| ateral |oads frommooring and berthing | oads are transferred to the land, a
l ongi tudinal orientation of the pile cap may be considered if feasible for
construction. Mnments and shears on pile caps fromlive |oads shoul d take
into account the elastic shortening of the piles and the effect of soi
deformation at and near pile tips. For conputation of forces from high
concentrated |oads, the cap behaves as a beamon el astic foundation, and
distributes the concentrated load to a nunber of piles adjacent to the |oad

Again, while hand calculations are acceptable, a stiffness analysis using
conputers is recomended.

4.5 Substructure Design

4.5.1 Pile Bent Framing. A pile-supported framng systemis the nost
popul ar form for substructure design for open piers and wharves. Severa
fram ng concepts for open piers and wharves and margi nal wharves are illus-

trated in Figure 28. Many variations and conbinations of the illustrated
concepts are possible.

4.5.1.1 Al Plunb Pile System The lateral |oads are resisted by “franme
action,” whereby the piles and the cap forma nonent frame and resist the
|ateral load primarily by the flexural stiffness of the piles. However,

| ateral deflection will be very high for even small lateral |oads. Also
sidesway is not prevented, which increases the effective length of pile as
colum. Further, if piles vary in unsupported height, the shorter piles will
attract nost of the lateral load. Since the piles are nore efficient for
axi al loads and less so for bending nonents, this framng usually is
restricted to shallow waters and light lateral | oads.

4.5.1.2 Plunb/Batter Pile Systems. In this type of framng, all the
vertical loads are prinmarily handled by the plunb piles and | ateral |oads are
resisted primarily by the batter piles. The behavior of the systemis one of
“truss action.” This systemis nmore cost-effective as the lateral |oads are
resisted primarily by the axial stiffness of the batter piles. However, very
high forces are transmitted to the caps, which will have to be designed and
detailed to resist these forces. In areas of high seismc activity, the
increased stiffness of the systemreduces the period and | eads to higher

eart hquake | oads.

4.5.1.3 Al Batter Pile System This systemis a conpromse between the two
above, and is cost-effective in sone circunstances. Wth this system the
batter slope may be near vertical. Natural periods can be as high as severa
seconds, making the approach attractive for seismc areas.
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4.5.2 Lateral Loads on Piles. In addition to the axial |oads, bending
moments, and shears caused by |ateral |oads at deck level, piles are also
subjected to lateral loads acting along the length of the pile

4.5.2.1 Current and Waves. These |oads are applied at and near the water

I evel and nmay be significant where large size piles are used in high-current
wat er s

4.5.2.2 Sloping Fill Loads. These loads are transnmitted along the shaft of
the piles by the lateral nmovement of the soil surrounding the piles beneath
the structure, such as may occur along a sloping shoreline at margina
wharves, as shown in Figure 11. The maxi mum nonments in the piles for this
category of |oadings are deternmined by structural analysis and the methods
outlined in NAVFAC DM 7.02, Foundations and Earth Structures, after the
conditions of pile support in the pile cap and the soil have been established
and the effective length of pile has been deternined

a) Piles of relieving platformtypes of solid wharves, shown on
Figure 12, may be subjected to lateral earth loads if the stability of the
sl ope beneath the platformis marginal and soil creep occurs. In such cases,
stabilizing neasures should be introduced, prior to installation of piles, to
prevent movenent of the soil along the slope. Anpbng the stabilizing nmeasures
that may be used are surcharging (preloading), installation of sand drains or
soil conpaction piles, or replacenent of unstable materials. [If the piles
supporting the structure are used to increase slope stability, or if
ti me- dependent stabilizing measures are introduced after the piles are in
pl ace, the resistance to soil movenment provided by the piles should be
cal cul ated and the piles checked for the bending nonents induced by the
calculated lateral earth loads, in addition to the increased |oading caused by
the downdrag of the settling soil.

b) The pile resistance to soil novenent may be obtained froma
stability analysis by deternmining the additional resistance, provided by the
piles, which will provide a factor of safety that corresponds to zero soi
movenment.  The mininum factor of safety required for this tape of analysis
varies and should be selected after evaluating the soil conditions which exist
at the site. The enbednent |ength of piles needed for devel oping the required

| ateral resistance may be determined in accordance with the criteria given in
NAVFAC DM 7.02.

4.5.2.3 Dynanic Fill Loads. In general , piles subjected to seismc forces
behave as flexible nenmbers and their behavior is controlled prinmarily by the
surrounding soil. Both vertical and batter piles nove together with the

surrounding soil during an earthquake. Provided that shear failure or

l'i quefaction of the surrounding soil does not occur during ground shaking, the
pi | e-supported structure will nmove a linited amount and remain stable after an
earthquake. The magnitude of the horizontal novenment depends on the earth-
quake magnitude and duration, design details of the platform flexibility of
the piles, and the subgrade nodulus of the foundation soil. [If the soi
surrounding the piles is susceptible to liquefaction or if slope failure
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occurs, the piles will move excessively, resulting in serious damage to the
piles and the structure. For these conditions, unstable materials should be
renmoved and replaced. When the piles penetrate a deep soft layer first and
then a stiff layer of soil, the soils displace cyclically back and forth
during an earthquake. During the cyclic ground shaking, the piles will nove
with the ground and return essentially to their original position if the soi
does not fail during these cyclic displacenments. Accordingly, if piles are to
continue to safely support |oads after an earthquake, it will be necessary for
the piles to have the capability to withstand the induced curvature without
failure. Practical design considerations for a semenpirical pile bending
anal ysis are given in Edward Margason, Pile Bending During Earthquakes.

4.5.3 Pile Materials. Steel and concrete and conposites of the two are
the nost common and viable pile materials for the substructure construction of
piers and wharves. \Wod piles may be used for lightly |oaded structures and
for fender systenms. Load capacity geotechnical considerations and |ife-cycle

costs should govern selection of the pile material. Wen steel piles are
used, a suitable protective system (paints, cathodic protection, concrete or
sand filling of pipe sections) should be specified for durability and reduced

mai nt enance expenses. Prestressed concrete piles are preferred over
reinforced concrete piles, because of the latter’s susceptibility to cracking
during driving and lack of watertightness.

Piles are subjected to high conpressive and tensile stresses during driving
and should be proportioned to resist these in addition to the service |oads.
Where prolonged driving in alternately soft and hard layers of soil or driving
through stiff “quaky” clays is anticipated, very high tensile stresses are set
up and will require a higher level of prestress (1000 psi or nore) in
prestressed concrete piles. Attention should be given to controlling driving

stresses by specifying frequent cushion replacenent, and by requiring use of
hammers capable of adjusting driving energy.

4.5.4 Solid Cellular Structures. For design procedures and sel ection of
type, see NAVFAC DM 7.02. Cellular structures are gravity retaining
structures fornmed fromthe interconnection of straight steel sheet piles into
cells. Strength of cellular structures derives fromresistance to shear
caused by friction of the tension in the sheet pile interlocks and also from
the internal shearing resistance of the fill within the cells. Accordingly,
clean granular fill materials such as sand and gravel are usually used to fil
the cells. Extreme care nust be exercised in the construction of cellular
structures because excessive driving onto boul ders or uneven bedrock nay cause
ruptured interlocks which can later unzip under hoop tension (from filling)
and cause failures of the cell. Cellular structures are classified according
to the configuration and arrangement of the cells. Three basic types are

di scussed below and are shown on Figure 13.

4.5.4.1 Circular. This type consists of individual |arge-dianeter circles
connected together by arcs of smaller dianeter. Each cell may be conpletely
filled before construction of the next cell is started. Construction of this
type is easier than the diaphragmtype because each cell is stable when filled
and thus may be used as a platformfor construction of adjacent cells.
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Because the individual cells are self-supporting units, accidental |oss of one
cell will not necessarily endanger adjoining cells. Conpared to a diaphragm
type cellular structure of equal design, fewer piles per linear foot of
structure are required. The diameter of circular cells is limted by the

mexi mum al | owabl e stresses in the sheet pile interlocks and, when stresses are
exceeded, cloverleaf cells are used.

4.5.4.2 Di aphragm  This type consists of two series of circular arcs
connect ed together by di aphragnms perpendicular to the axis of the cellular
structure. The width of cells nay be wi dened by increasing the Ilength of the
di aphragns without raising interlock stress, which is a function of the radius
of the arc portion of the cell. Cells nust be filled in stages so that the
heights of fill in adjoining cells are maintained at equal levels to avoid
distortion of the diaphragm walls. Diaphragmtype cells present a flatter

faced wall than circular cells and are considered nore desirable for marine
structures.

4.5.4.3 Coverleaf. This type is a nmodification of the circular cell type
and is generally used in deep water where the dianmeter required for stability
woul d result in excessively high interlock stress if diaphragnms were not added.

4.5.5 Eill for Solid Structures, Ganular free-draining material should
be provided adjacent to sheet pile bul kheads, extending from dredged bottom to
underside of paverment on grade. This material should be graded to act
somewhat as a filter to limt subsequent |oss of fines through the sheet pile
i nterlocks. Pl acement of free-draining material should be in stages,
conmencing at the intersection of sheet piling and dredged bottom and
progressing inshore. Miud and organic silt pockets should be elimnated. In
general, hydraulic fill for backfill should not be considered unless provision
is made for the effects of fill settlement, potential |iquefaction of fill in
seismc zones, and high pressure exerted on sheet piling. In areas with tida
ranges greater than 4 ft, 2 in. dianeter weep holes should be provided for the
sheet piles above the nmean |ow water level. \Wen weep holes are used, graded
filters should be provided to prevent loss of finer backfill nmaterial

Openi ngs in pavenment or deck should be provided for replenishnment of material
in order to conpensate for loss and settlement of fill. In general, flexible
pavenent using asphaltic concrete is preferred over rigid pavenent with
portland cenment concrete, as it is mre econonical to maintain and better able
to accommodate underlying settlement. For additional design criteria, refer

to Naval Facilities Engineering Command NAVFAC DM 25. 04, Seawalls. Bul kheads
and Quaywal |s.

4.5.6 Deterioration of Substructure. The following are the principa
causes of deterioration:

4.5.6.1 Marine Borers. Wod piles are the only kind that will be affected
by marine organisms. Preservative treatnent used for wood piles and bracing
under water should be selected for the particular organisns present in the
water locally. Wile marine growth does occur on concrete and steel surfaces
in the tidal zone, they have not proven to be damaging
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4.5.6.2 Corrosi on Steel and, to a lesser extent, concrete piles are
subjected to corrosion fromthe alternative dry and wet conditions to which
the substructure is subjected. However, corrosion in steel piles is
significantly higher, especially in the splash zone. Hence, steel piles wll
require a good paint system or cathodic protection. CQccasionally, a concrete
jacket may be provided in the splash zone for steel piles. Prestressed
concrete piles, when produced under quality control standards established by
the Prestressed Concrete Institute (PCl) and enploying a well-designed mX,
have perforned well over the years. However, in water containing high anounts
of chlorides and sul phates, one or nore of the follow ng additional measures
to increase durability nmay be required for proper performance. These neasures
include, but are not limted to, the following: Hi gh cenent content (six
sacks per cubic yard or nore), |ow water/cement ratio (wc ~ 0.40 by weight),
Type Il or V cements (cements with tricalciumalum nate between 5 and 8
percent), high level of prestress (1000 to 1200 psi), and epoxy coating (for

bar or strand reinforcenent). In extreme cases, a protective paint system nay
be specified for the pile surfaces.

4.5.6.3 Abrasion. Floating debris and floating ice in open types of piers
and wharves may cause serious abrasion to concrete piles. Tinber jackets have

been successfully used to protect the concrete piles, as illustrated in NAVFAC
DM 25. 06.

4.6 Floating Structures

4.6.1 Steel Pontoon Wharf

4.6.1.1 Ceneral. Modul ar steel pontoon structures may be used for tenporary

facilities to berth ships up to |oaded drafts of 30 ft. This structure type
may be provided where it is not considered advisable to construct a fixed
facility and at advanced bases where versatility and ease of deploynment are
required. The allowable uniformloading is limted, as is the capacity for

mobile cranes. For additional information, see Naval Facilities Engineering
Command NAVFAC P-401, Pontoon System Manual

4.6.1.2 Navy Lightered (NL) P-Series Pontoon \Warves. NL pontoons are
reinforced, welded steel cubes, 5 ft long, 7 ft wide, and 5 ft high, capable
of acconmodating HS-20 truck l|oading as specified by AASHTO.  Pontoons are
assenmbl ed into strings which are joined to form pontoon wharves and pontoon
bridge units. Thus, a 6 x 18 pontoon wharf consists of 6 strings of 18
pontoons each. See Figure 29 for an exanple of a pontoon wharf |ocated in
wat er of sufficient depth to berth cargo ships with | oaded drafts not
exceeding 30 ft. The offshore wharf consists of four 6 by 18 pontoon wharf
units and each access bridge is made up of two 4 x 18 pontoon bridge units.
The nunber of pontoon bridge units required is a function of the water depth,
tidal range, and degree of exposure. Mny wharf configurations are possible.
The pontoon bridges are connected to the wharf offshore and to a 2 x 6
sand-filled abutment onshore by heavy-duty hinges. Cable noorings are used to
anchor both the wharf and the connecting bridges to shore. The location is
mai nt ai ned by pile dol phins placed along the perinmeter of the facility. The
wharf is also outfitted with bitts and fenders. A ship nay be noored

i ndependently of the wharf by utilizing buoys, chain, and anchors.
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4.6.1.3 Cont ai ner-Si zed Mdular Pontoons. Commercially available nodular
causeway systens are becoming increasingly popular for naval operations. The
pont oons are nmade from contai ner-sized nodul es that can be stored and
transported in comercial container ships. The nodules are lifted out and
assenbled on calm water or launched from a ship' s deck. (See Figure 30.)
Ceats, bitts, and other hardware can be installed and renoved as needed

Wth minor nodifications, the individual nodules can be structured to
accommpodate power units and fuel tanks for use as a powered causeway. The
connector pieces are interchangeable and removable for rapid repairs. The
nmodul ar causeway system nmakes it possible to transport the causeway to the

anphi bi ous operations area on a container ship or an auxiliary crane ship for
rapi d depl oyment.

4.6.2 Fl oating Concrete Structures

4.6.2.1 CGeneral. Concrete floating structures have been successfully

enpl oyed for some years and have been proposed for increased use in Navy piers
and wharves. Where conditions nake fixed structures very expensive or
impractical, the floating type may becone cost-effective

4.6.2.2 Advantages of Concrete. Properly proportioned concrete (both norma
wei ght and lightweight), when conmbined with prestressing, results in a dense

and i npernmeabl e barrier for saltwater intrusion, ideal for keel and wal

el ements of the floating structure. In addition to requiring little or no

mai nt enance, concrete provides nass to the structure, which increases the rol
period and thus provides a nore stable structure for operations.

4.6.2.3 Uni gue Requirenents

a) General. Floating structures nust be operated similar to ships
in that |oad application and ballast nmanagenent nust be careful |y considered
to avoid overstressing or sinking the structure. Stability is generally not
of much concern for floating concrete structures, but heel and trimnust be
i nvestigated when applying eccentric loads to the structure (i.e., lifting
with cranes or storage to one side of the structure).

b) Freeboard. Freeboard requirenment determ nes the ninimum depth
of the structure. As a rule of thunb, for prestressed structures, at |east 45
percent of the structure will be subrerged; therefore, excessive freeboard
requirenents will lead to a deeper, nore expensive structure

¢) Conpartnentalization. Conpartnental i zation is necessary to
provide watertight buoyancy chanbers and structural support to the top and
bottom decks. Conpartmentalization can be acconplished by a rectangular grid
system of bul kheads (walls) or interlocking cylinders simlar to a “honey-
comb.” In either case, the increase in the nunber of internal framng
elenents is directly related to an increase in cost. Therefore, the nunber of
conpartnents should be linmted to that required by the American Bureau of
Shipping rules for damaged stability. Refer to the American Bureau of

Shi ppi ng (ABS), Rules for Buildi ng and Cl assi ng (Ofshore Installations - Part
1 Structures.
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Special attention should be given to watertight integrity at all penetrations
of bul kheads and weat her decks, by using proper hatches, etc

d) Liquid Storage. Liquid storage in the conpartnents should be
avoi ded because the liquid may have a deleterious effect on the concrete and
may be difficult to clean out. In addition, ventilation openings and other
penetrations may be required in structural elements.

e) Waves. The floating structure is generally insensitive to waves
in its operational condition because of its mass, which results in a long rol
period. However, ABS requires that the structure have adequate strength to
resist a delivery voyage wave which has a wave |length equal to the length of
the structure with a corresponding wave height and period

4.6.2.4 Mooring Systens

a) General. There are two basic structure anchorage systens: pile
systems and nooring line systems. The selection of the appropriate nmooring
system is dependent on many factors, but primarily on the foundation soils. A
soils investigation should be conducted to determine soil bearing capacities
to support piles or anchors. Additional data required for mooring |ine
systens include bottomcontours to aid in anchor and mooring |ine |ocation
selection and internal angle of friction to determine size of anchors required
to resist sliding. Additional data required for pile systens include uplift
capacity (cohesion) and depth to point of fixity of the pile.

b) Pile Systems. Pile systens can consist of battered or plunb
steel pipe piles. In general, pile systens are recommended for shallow waters
and where deploynment of anchors is difficult or inpossible. The use of piles
is limted by the soil capacities and the permnissible horizontal displacenent
of the structure. In addition, if pile wells are required in the structure
| oss of buoyancy and usabl e deck surface area may result. The use of plunb
piles may result in unacceptable horizontal displacenents of the structure
Ot her drawbacks to pile systenms include difficulty in remving piles for

possi bl e reploynent, replacing damaged piles, and providing pile corrosion
protection.

c) Moring Line Systens. Moring line systens should be of the
taut-line type. These lines have an initial tension that holds the structure
in position. The effects of vertical and horizontal displacenment on nooring
line tension can be ninimzed by setting the anchors at a large distance
(relative to the anticipated displacenment) fromthe structure. Some drawbacks
to mooring line systens include nmonitoring nooring line tension while in
operation, providing corrosion protection, and irregular bottom contours and
poor soil conditions which may require extensive bottom preparation.
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4.6.2.5 Structural Design

a) General. Design of the structure is separated into |ocal and
gl obal design. The structural fram ng consists of prestressed flat plate
elements joined together to form a conpartnmented box. Prestressing is highly
recommended for cost-effectiveness because it reduces nmenber thicknesses, thus
saving on raw materials and reducing weight and draft.

b) Local Design. The local design of all plating elenents except
the top deck and the exterior wall supporting the fenders is controlled by
hydrostatic loads. The critical design condition is for a hydrostatic head

equal to the full depth of the structure. The top deck is designed sinmlar to
conventional structures.

¢) Gobal Design. Loads are applied locally to the flat plate
elements and then transmtted to the structure as a whole. The structure as a

whol e behaves as a rigid beamon an elastic foundation. Al applied |oads are
resisted globally by equivalent uniform hydrostatic loads. The critica

design loading conditions are typically deck storage and deck operationa

| oads conbined with nom nal wave bending (service load capacity) and delivery
voyage wave bending (cracking strength capacity check). It is necessary to
check for cracking in the structure to ensure integrity for watertightness.

d) Prestressing. Prestressing is provided for strength and
serviceability (i.e., prevents tension in the concrete under service |oads and
controls crack width under extreme loads). \Watertightness at joints is also
enhanced by prestressing. The mini mum recomrended prestress |evel in either
direction of plate elenments is 300 to 400 psi; however, specific designs may
require higher prestress |evels.

e) Concrete Mx. For watertightness and durability, the concrete
m x used for floating concrete structures should include the follow ng: high
cenent contents (typically in excess of 650 |bs/yd®), |ow water/cenent ratio
(typically less than 0.4), air entrainment in freezing environments
pozzol anic admi xtures (silica fume or fly ash), and super-plasticizers as
required to produce workable concrete

4.6.2.6 Fender Systens

a) Ceneral. Reaction input to the pier structure is a critica
performance paraneter for fender systems. High reactions may require
stiffening of the exterior plating of the pier structure or the |ocation of
additional internal framng to support the fender |oads, thus adding cost to
the pier structure. Three types of fenders are recommended: foamfilled
buckling cell, and delta. Sufficient overcapacity should be provided to
resist extrene berthing energy so as to avoid puncturing the external plating.
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b) FoamFilled Fenders. Foamfilled fenders provide |arge energy
absorption capacity with relatively small reaction input to the pier struc-
ture, with the added benefit that they can be easily relocated al ong the face

of the pier structure. These fenders may not require any special stiffening
of the external plating.

¢) Buckling Cell Fenders. Buckling cell type fenders provide |arge
energy absorption capacity with relatively small reaction input to the pier
structure. These fenders can be nmounted directly on the external plating or
at specially designated hard spots.

d) Delta Fenders. Delta type fenders provide |arge energy
absorption capacity but with larger reaction input to the pier structure than
the previous systenms. These fenders can be nmounted directly on the externa

plating but would require additional stiffening or buttresses to transfer the
reaction into the structure

4.7 Mboring Hardware

4.7.1 Ceneral. Ships are usually noored to bollards, bitts, and cleats.
Qccasionally, ships may be tied to a quick-release hook. The position of a
ship on a berth is usually controlled by utility hookup and brow | ocation
requirenents. The crew in charge of tying up the ship will usually tie the
lines to whatever nooring hardware is convenient to give the required
horizontal angle. This often results in lines tied to a | ower capacity cleat
while a high-capacity bollard may only be a few feet away. Hence

consi deration should be given to using only one type of high-capacity nooring
hardware throughout the facility. The geometry of the hardware should

preclude nooring lines from slipping off, as the mooring angle is often very
st eep.

4.7.2 Hardware Types. The following are the nost commonly used types of
mooring hardware:

4.7.2.1 Bollards. A bollard (Figure 31) is a short single-columm cast stee
fitting that extends up froma baseplate that is secured to a strong point of
a shore structure or berthing facility. Bollards are used in snubbing or
checking the nmotion of a ship being noored, by tightening and | oosening
mooring lines that are fastened to them Bollards are also used for securing
a ship that has been placed in its final noored position. Bollards w thout
ears should not be used in facilities where a high vertical angle of the
mooring line is anticipated, to prevent lines from slipping off

4.7.2.2 Bitts. Bitts (Figure 31) are short, doubl e-colum, cast-stee
fittings fastened to the deck of berthing facilities. They are used to snub
and secure a vessel. The double colums allow for convenient and rapid tying

and releasing of nooring lines, as well as for guiding a line through to other
har dwar e
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4.7.2.3 Cleats. Currently, available cleats (Figure 32) are | ow capacity
cast steel deck fittings having two projecting arns that are intended to be
used for securing mooring lines of small craft. They are provided at nost
naval facilities. Gven a choice, line handling crews will use cleats in
preference to bollards or bitts, even for large ships, as the possibility of
line slippage is renpte. However, cleats can easily be overloaded when they
are used in lieu of major fittings such as bollards for securing heavy nooring

lines. Because of the |ow holding capacity of cleats, they should not be used
in conmbination with higher capacity deck fittings.

4.7.2.4 Chocks. Chocks are either stationary or roller-equipped cast stee
deck fittings that are used to train the direction of a nooring line. Chocks

are available either open at the top, permanently closed, or closed by a
hi nged closing piece. See Figure 33.
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Figure 31
Bollard and Bitt
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(A) CAST STEEL CLEAT

(B) QUICK RELEASE SWIVEL HOOK

Figure 32
Ceat and Quick-Rel ease Hook
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(A) CAST STEEL
OOUBLE ROLLER CHOCKS

(B) CAPSTAN

Fi gure 33
Chock and Capstan
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4.7.2.5 Capstans. Ships outfitted with dinch-nounted wire rope nmooring
lines require greater pulling power than can be provided by one or two deck
hands to draw out the ship’s lines. The assignnent is handl ed by capstans
that are rmounted along the face of the wharf. The capstans are small electric
wi nches of 5 to 10 hp with a drumrotating about a vertical axis. The capstan
is used by a deck hand who receives a nmessenger line at the end of which is
fastened the sling of the wire rope hawser. The capstan, receiving severa
winds of the nessenger line, provides the pulling power needed to draw out the
wire rope hawser. The messenger line is then returned to the ship. Capstans
are al so used as prinmary guidance (breasting and in-haul) to berth ships in
drydocks and slip-type berths (Trident facilities). For these uses, the
capstans are of l|arger capacity and are typically two-speed. See Figure 33

4.7.2.6 Qui ck-Rel ease Hooks.  The qui ck-rel ease hook (Figure 32), generally
nmounted on a swivel base, is a deck fitting used to receive nmooring lines.
When a ship is required to make a hasty departure fromits berth, a tug on the
hook’ s rel ease nmechanism unfastens the mooring line. The nechani smcan al so
be tripped fromthe ship when a tag line is provided. Thus, a ship can nmade a
sudden departure without the assistance of shore personnel. Quick-rel ease
mooring hooks with integral power capstans are necessary for securing the
steel mooring lines on petroleumtankers at fuel piers, while bollards are
needed for the supplenmentary lines other than steel

4.7.3 Strength. The required strength of nooring hardware and its
fastenings is determ ned by the breaking strength of the strongest nooring
line or lines that may be fastened to it. Moring hardware can and does
receive nore than one line and as many as three are not unusual. Because it
is unlikely that three lines fastened to one hardware are equally tensioned
and each pulling in the same direction, the design criteria generally consist
of the application of a force equal to one and one half to two times the
breaking strength of the strongest mooring line anticipated. The sizes of
mooring lines are limted to those that can be conveniently handl ed by deck
hands. Thus, wire rope lines generally do not exceed |-3/4-in. dianeter. The
following mninmm strengths shoul d be available fromthe nooring hardware and
its anchorage system wth the |oads applied along angles (up to 60" from
horizontal) and all the horizontal directions:

Bol I ards, double bitts, and quick-release hooks ..... 100 tons
Storm bollards (refer to Section 3) ................. 200 tons
Qeat s 20 tons
CapsSt anS ... 50 tons
4.7. 4 Placement. If a berthing facility were always to receive the same

class of ship, each of which had identical arrangenments for putting out
mooring lines, a specific pattern for nooring hardware spacing, based on the
ship's fittings, would be satisfactory. Mst naval berthing facilities
require a high degree of flexibility in order to be able to receive severa
types and sizes of ships. Therefore, a universal pattern for moring hardware
spacing is preferred. Mooring hardware spaced at 60 ft on centers along the
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berthing face of a structure will, in nmpbst instances, provide the nunber of
fittings required to secure the ships during the periods of tinme that wind

velocities and conditions of sea do not exceed the design criteria established
for the facility.

a) A berthing facility that will accomodate ships having |arge
wind presentnments, such as aircraft carriers, should be outfitted with
suppl emental bollards for use when periods of high winds are forecast. The
suppl enental bollards and storm bollards, which would be used to secure nornm
breasting lines, should be |ocated inshore fromthe face of the wharf, thus
reducing vertical angles and pernitting the use of longer (safer) nooring
lines. Bollards should also be provided at ends of all piers and wharves and

if necessary, should be supported on a mooring dolphin to yield a nore
conveni ent horizontal angle.

b) At submarine berths where nooring lines go down to the
submarine, the mooring hardware should be located as close as possible to the
wat erside edge of the bullrail to minimze chafing of the lines. Were this
is not feasible, a continuous smooth nenber such as a bent plate should be

cast in the concrete bullrail, as shown in Figure 34.
4.8 Mooring Dol phins
4.8.1 Ceneral. Mooring dol phins are small independent structures

constructed at one or both ends of a wharf (or outboard end of a pier) to
provide a nmore favorable angle to the nooring lines. The dol phin is accessed
by a wal kway fromthe pier or wharf end. Typically, the moring line fromthe

ship is carried on the wal kway and attached to nooring hardware nounted on top
of the dol phin

4.8.2 Design. The primary load for a nooring dol phin comes fromthe
tension in the nooring line. It is typically constructed as an open pile

supported structure. Wiere filled (solid) construction is pernmitted, a single
sheet pile cell nmay be utilized. Wwen a platformis provided for the dol phin,

it should be large enough to allow a 3-foot-w de wal king space all around the
mooring hardware

4.8.3 Construction. Tinber nooring dol phines can be constructed from 7,
19, or 37 wood piles with a king pile in the center and other piles arranged
inacircular pattern around the king pile. A 19-pile dolphin is illustrated
in Figure 35(A). Depending on the pull-out resistance available fromthe
subsoil, tinber dolphins may be designed for up to 100 kips of lateral |oad
For higher loads, a concrete dolphin is preferred, which is illustrated in
Figure 35(B). Because both tinber and concrete dol phins can be expected to
nove significantly (1 to 6 in.) fromthe lateral |oad, the access wal kway
should be designed and detailed to allow for this novenent.
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berthing face of a structure will, in nost instances, provide the number of
fittings required to secure the ships during the periods of tine that w nd

vel ocities and conditions of sea do not exceed the design criteria established
for the facility.

a) A berthing facility that will accommodate ships having |arge
wind presentnments, such as aircraft carriers, should be outfitted with
suppl emental bollards for use when periods of high wnds are forecast. The
suppl emental bollards and storm bollards, which would be used to secure norna
breasting lines, should be |ocated inshore fromthe face of the wharf, thus
reduci ng vertical angles and pernmtting the use of |onger (safer) nooring
lines. Bollards should also be provided at ends of all piers and wharves and

if necessary, should be supported on a nmooring dolphin to yield a nore
conveni ent horizontal angle

b) At submarine berths where nmooring lines go down to the
subnarine, the nooring hardware should be |ocated as close as possible to the
wat ersi de edge of the bullrail to mnimze chafing of the lines. \ere this
is not feasible, a continuous snmooth menber such as a bent plate should be

cast in the concrete bullrail, as shown in Figure 34.
4.8 Moori ng Dol phi ns
4.8.1 CGeneral. Moring dol phins are small independent structures

constructed at one or both ends of a wharf (or outboard end of a pier) to
provide a nore favorable angle to the nooring lines. The dolphin is accessed
by a wal kway fromthe pier or wharf end. Typically, the mooring line fromthe

ship is carried on the wal kway and attached to nooring hardware nounted on top
of the dol phin.

4.8.2 Design. The primary load for a mooring dol phin comes fromthe
tension in the nooring line. It is typically constructed as an open pile

supported structure. Wiere filled (solid) construction is permtted, a single
sheet pile cell my be utilized. Wen a platformis provided for the dol phin,

it should be Iarge enough to allow a 3-foot-w de wal ki ng space all around the
mooring hardware.

4.8.3 Construction. Tinber nooring dol phines can be constructed from 7,
19, or 37 wood piles with a king pile in the center and other piles arranged
in a circular pattern around the king pile. A 19-pile dolphin is illustrated

in Figure 35(A). Depending on the pull-out resistance available fromthe
subsoil, tinmber dolphins may be designed for up to 100 kips of lateral |oad
For higher loads, a concrete dolphin is preferred, which is illustrated in
Figure 35(B). Because both tinber and concrete dol phins can be expected to
nmove significantly (1 to 6 in.) fromthe lateral |oad, the access wal kway
should be designed and detailed to allow for this novenent.
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4.9 M scel | aneous Consi der ati ons

4.9.1 Expansion Joints. Since expansion joints require frequent mainte-
nance for proper functioning, piers and wharves should use as few joints as
possible. The size and nunber will depend on the tenperature range and
structural system enployed. Expansion joints should be provided at the
junction of an approach with the main structure and such other places where
there is a mjor structural discontinuity. Provide additional expansion
joints where necessary to limt buildup of thermal |oads. (Refer to Section
3, para. 3.3.6, Thermal Loads.) For recomended types of expansion joints,
refer to NAVFAC DM 25.06. The joint should be continued through railroad
tracks and crane rail tracks. Recomnmended details are shown in Figures 36 and
37. Likewise, utilities crossing expansion joints should be detailed to
accormpndate the expected longitudinal and l|ateral novenents.

4.9.2 Drainage. Pier and wharf decks should be sloped in transverse and

| ongi tudi nal direction to deck drains or scuppers to provide for drainage of
stormwater. \ere pernmtted, the stormwater can be drained off to the water
bel ow; however, if fuel, oils, and chemicals are to be handled on the

facility, the stormwater should be collected and piped off for treatment. It
is customary to use subsurface drains in ballasted decks to handl e any smal
anounts of water that may seep through the paving. This water is normally not
col | ect ed.

4.9.3 Bullrail. On all waterside edges of piers and wharves, a curb or
bullrail at least 12 in. high by 18 to 24 in. wi de should be provided. Sone
mooring hardware may be accommodated within the 24-in. width, thus permtting
a clear inside face for easy snow renoval and line handling. As shown in
Figure 34, it is also generally possible to house utility vaults within the
width of the bullrail. The bullrail should be sufficiently reinforced and
anchored to the deck structure. Wen a continuous bullrail is available, it
may be reinforced to serve as chord menber for a structural diaphragm

4.9.4 Uility Trench. Since the utility services are nostly needed al ong
the pier or wharf edge, the main utility trenches should be kept close to the
bullrail. The trench nay be underhung or kept above, as shown in Figure 38

The trench covers should be renovabl e and nade of concrete, steel, or
conposite construction. Although the trench covers need not be watertight, a
good seal should be used at joints to prevent accidental seepage of spilled

liquids. Frequently spaced drains should be placed along the trench to
prevent flooding.

4.9.5 Transformer Vaults. Wen a clear deck is required for operations
the electrical transformers and sw tchgear may be housed in underhung vaults,
as shown in Figure 39. The vaults nust be constructed watertight and provided
with sunps and punps for quick renoval of |eaked water. The vault covers
should be renovable. The joints between vault and cover should be

watertight. Since the continued functioning of the transforners is critica

to the facility operation, a separate roof system should be enpl oyed just

bel ow the renovabl e covers to serve as a second |ine of defense against joint
| eaks.
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4.9.6 Utility Hoods. Connection points or “utility risers” projecting
above deck or bullrail should be protected from snaggi ng of mooring |ines by
pipe rails or concrete hoods, as shown in Figure 40. Alternatively, when the
bullrail is wi de enough, hinged utility covers |like the one shown in Figure 34
may be enployed. For convenience of the users, the risers should not face
away from the ship, and should be adequately sized for ease of operation.

4.9.7 Deck Markings. Al berths and utility stations should be marked as
illustrated in Figure 41. In addition, centerlines of all structural bents
and | oad capacities of all mooring hardware should be painted on the bullrail.

4.9.8 Wearing Course. Generally, a wearing course is not needed for
concrete deck structure. However, for precast concrete decks, an asphalt
concrete or cenment concrete wearing surface nay be utilized to provide a slope
for drainage. For ballasted decks and for solid (filled) type construction, a
wearing course is necessary. For these applications, asphaltic concrete is
preferred over cenent concrete as the former is easier to repair and naintain
and better tolerates substrate novenent.
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(A) STEEL ROPE GUARD OVER VALVE STATION

(B) CONCRETE ROPE GUARDrOVER ELECTRICAL BOX

Figure 40
Utility Hoods
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Section 5. FENDER SYSTEMS

5.1 CGeneral Consi derations

511 CGeneral. The fender systemis the interface between the ship and
the shore facility. During the berthing of a ship, the fender system is neant
to act as a buffer in absorbing or dissipating the inpact energy of the ship
Wi t hout causing permanent damage to the ship or the shore facility. \ere
ships are to be berthed against relatively inflexible solid piers and wharves,
protection of the ship is a critical function. \Wen ships are to be berthed
against pile-supported piers, wharves, and dol phins (which are relatively
flexible), protection of the structure is the nmore serious concern. Once the
ship is successfully berthed and noored to the shore facility, the fender
system continues to provide the interface between ship and shore and transmits
the environnental |oads (w nd, waves, and current) on the ship to the
structure. For submarine and other lowprofile ship berthing, the fender
system al so provides a physical barrier to prevent the vessel from going
underneath the pier and causing a mmjor accident.

512 Berthing Practice. The selection and design of a fender systemis
hi ghly dependent on the berthing practice enployed at the particular nava
facility. Typically, large ships are expected to be brought into the berth
assisted by two or nore tug boats. Smaller ships in sonme |ocations may be
allowed to come in on their own power. \Wen assisted by tugs, the ship would
arrive off the berth and parallel to it. The ship then stops dead in the

wat er and the tugs push and pull the ship transversely toward the berth in an
attenpt to make contact with as much of the fender system as possible. Wen
unassi sted by tugs, the smaller ship will be eased into its berth at sone
slight angle, referred to as the angle of approach. In both cases, the
initial contact is limted to a relatively small portion of the fender

system  Assunptions will have to be made regarding the approach angle and
contact length

51.3 Separators. Because of the nany reasons explained in Section 6,
most Navy ships are berthed against separators. This practice is the nost
significant difference between comrercial ship berthing and naval ship
berthing. For aircraft carrier and submarine berthing, separators are

mandat ory. For surface conbatant berthing, even though separators are not
needed, they are preferred to direct the berthing forces at the waterline
(where the ship is strongest). Berthing against separators, which are usually
floating camels, concentrates the inpact energy to a small length of the
fender system as well as applies the energy at sone distance below the deck.
This aspect nust be recognized in all fender system design for Navy ships. A
fender system designed for comrercial ships will, in general, not be
satisfactory for naval applications.
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5.1.4 Systens Approach. The inpact energy of the berthing ship is
absorbed in a conplex system of interconnected el ements. For the system shown
in Figure 42, the load passes fromthe ship’s hull to the separator, which is
backed by a series of fender piles. The fender piles in turn are supported by

rubber fender units at the deck level. The ship’s energy in this case is
absorbed by the ship's hull, rubbing strips, separator, fender piles, and
rubber fenders at deck level. The system can be nodel ed as shown in Figure

42(C). The energy absorbed and the force devel oped by each el ement can only
be solved by an iterative process.

5.1.5 Functi onal Requirenments

5.1.5.1 Energy Absorption. All fender systems should be designed for

absorption of the ship's berthing energy in all the structural types of piers
and wharves.

5.1.5.2 Separators. All piers and wharves should be designed for berthing
with camels and other separators. To provide berthing flexibility and to

allow for the requirements of ship maintenance, the entire berth Iength should
be suitable for the placenent of separators.

5.1.5.3 Nornmal Berthing. The fender system should be able to absorb the
energy from nornmal berthing operations within the working stress or acceptable
deformation range as defined in this section

5.1.5.4  Accidental Berthing. Since the fender systemis |ess expensive than
the ship or the berthing structure, some damage to it may be permnissible and
accept abl e. So, in the event of an accidental situation, it is the fender
system that should be “sacrificed.” Loss of the berth has a nuch nore serious
consequence than loss of part or all of the fender systemin ternms of the cost
and tinme required to restore the facility. The cost and tinme to repair a
damaged ship is of nuch greater concern than the berth and the fender system
The accidental condition nmay be caused by increased approach angle or approach
velocity or a unique situation that cannot be anticipated. In the absence of
any other accident scenario, the berthing energy as calculated in this section
shoul d be increased by at |east 50 percent and the fender system should be

capable of providing this “reserve” capacity at or near failure of the system
material s.

5.1.5.5 Mored Condition. Al fender systems selected should be capable of

safely transferring the environmental |oads on the ship to the mooring
structure.

5.1.5.6 Hul | Damage. All fender systens shoul d be designed to prevent
permanent deformation of the ship’s hull. It is nuch nore expensive to repair
a ship’s hull than rehabilitate a danaged fender system

5.2 Berthing Energy Determnation

5.2.1 Met hods.  The following nmethods can be used in the determ nation of
berthing energy of the ship.
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a) Kinetic Method. The kinetic-nethod is the ol dest and so far the

most conmonly used approach. It is based on the expression
EQUATI ON: E =1 My2 (2)
2
wher e
E = Energy of ship at berthing

M = Mass or the water displacement of the berthing ship

<
1

The approach velocity of the ship at the nmonment of
i mpact agai nst the fender

b) Statistical Mthod. This nethod is based on actual neasurenments
of the energy of the inpact at existing berths. This nethod is closely
related to the conditions of the site where the neasurenents were taken and is
dependent on the fender layout and construction itself as, e.g., distance
between piles, and of the state of |oading of the ship

c) Scale Mdel. This method, which makes use of a small scale
model test of the berth to be designed in a well-equipped hydraulic |aboratory

or ship nodel basin, suffers fromthe scale and viscosity effects and requires
experienced interpretation.

d) Mathematical Mddel. This nethod is still under devel opnent and
comparison with full-scale berthings is not (yet) available.

5.2.2 Kinetic Method. The kinetic energy nethod is the recomended nethod
for piers and wharves of naval facilities. Wen the displacement tonnage of
the ship is known, the energy equation can be witten as

EQUATI ON: Eship = .!?:g; ) (3)

wher e

EShip = Berthing energy of ship (ft-Ibs)
w = Weight of the ship in pounds (displacenent tonnage x 2,240)

Accel eration due to gravity (32.2 ft/second?

< [{=]
1 1

Berthing velocity normal to the berth (ft/second)
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However, there are several factors that nodify the actual energy to be
absorbed by the fender system The expression can be witten as

EQUATI ON: Efender = Cb Cm Eship (4)

wher e

Eicnger = Energy to be absorbed by the fender system

G,
Cm

Berthing coefficient = G G G C

Ef fective nmass or virtual mmss coefficient

Each of these coefficients is discussed separately bel ow.

a) Eccentricity Coefficient (C). During the berthing maneuver,
when the ship is not exactly parallel to the berthing line, not all the

kinetic energy of the ship will be transmitted to the fenders. Due to the
reaction fromthe fender, the ship will start to rotate around the contact
point, thus dissipating part of its energy. Treating the ship as a rigid rod

of negligible width in the analysis of the energy of inpact on the fenders
leads to the sinple fornula

EQUATI ON; Co = 71-_:2_}?2 (5)
a< +

wher e

k = Radius of longitudinal gyration of the ship in ft

a = Distance between the ship's center of gravity and the point of

contact on the ship’'s side, projected onto the ship's
longitudinal axis in ft

Values of C, typically are between 0.4 and 0.7. The val ues for

C. may be
computed from Figure 43.

b) Geonetric Coefficient (C). The geonetric coefficient, G
depends upon the geonetric configuration of the ship at the point of inpact.
It varies from0.85 for an increasing convex curvature to 1.25 for concave
curvature. Generally, 0.95 is recomended for the inpact point at or beyond
the quarter points of the ship, and 1.0 for broadside berthing in which
contact is made along the straight side.

c) Deformation Coefficient (Cd); This accounts for the energy
reduction effects due to local deformation of the ship’s hull and deflection
of the whole ship along its longitudinal axis. The energy absorbed by the
ship depends on the relative stiffness of the ship and the obstruction. The
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deformation coefficient varies from0.9 for a nonresilient fender to nearly
1.0 for a flexible. fender. For larger ships on energy-absorbing fender
systens, little-or no deformation of the ship takes place; therefore, a
coefficient of 1.0 is reconmended.

d) Configuration Coefficient (C). This factor has been intro-
duced to take into account the difference between an open pier or wharf and a
solid pier or wharf. In the first case, the novements of the water sur-
rounding the berthing ship are not (or hardly) affected by the berth. In the
second case, the water between the berthing ship and the structure is
squeezed, which introduces a cushion effect that represents an extra force on
the ship away fromthe berth and reduces the energy to be absorbed by the
fender system Therefore, a reduction factor has to take care of this
effect. Experience has indicated that for a solid quaywal| about one quarter
of the energy of the berthing ship is absorbed by the water cushion; there-
fore, the followi ng values for C, appear to be justified

For open berth and coners of solid piers, G = 1.0.
For solid piers with parallel approach, C, = 0.8.

For berths with different conditions, G, might be chosen
somewher e between these val ues.

e) Effective Mass or Virtual Mass Coefficient (G). Wen a ship
approaches a dock, the berthing inpact is induced not only by the mass of the
nmovi ng ship, but also by the water mass nmoving along with the ship. The
latter is generally called the “hydrodynam ¢’ or “added” mass. In determining
the kinetic energy of a berthing ship, the effective or virtual mass (a sum of
ship mass and hydrodynam ¢ nass) should be used. The hydrodynanic nass does
not necessarily vary with the mass of the ship, but is closely related to the
projected area of the ship at right angles to the direction of nmotion. Qher
factors, such as the formof ship, water depth, berthing velocity, and
accel eration and deceleration of the ship, will have some effect on the
hydrodynami ¢ mass. Taking into account both nodel and prototype experinents,
the effective or virtual mass coefficient can be estimated as

EQUATI ON: Cp=1+2 % (6)
wher e

D = Maximum draft of ship

B = Beamwi dth of ship

The value of G, for use in design should be a mnimmof 1.5 and need not
exceed 2.0.

f) Berthing Coefficient (G). Eccentricity (C), geonetric
(G), deformation (Cd), and configuration (C) coefficients are
sonmetinmes conbined into a single value called berthing coefficient.
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g) Berthing or Approach Velocity (v). It should be noted that the
kinetic energy of the berthing ship is a function of the square of the norma
component of its approach velocity. Thus, the kinetic energy as well as the
resultant force on the berthing structure are sensitive to changes in approach
velocity. By doubling the design value of the approach velocity, the ship’'s
kinetic energy is quadrupled. Design values used for the approach velocity
normal to the berth may vary from0.25 to 1.50 ft/s, depending on the size of
the ship being docked and the tug assistance that is enployed. Larger vessels
with adequate tugboat assistance can generally berth gently and the |ower
design velocity may be used. Snaller vessels that self-dock nmay approach the
wharf at considerably higher speeds and, accordingly, the higher design
velocity shoul d be used. The berthing velocity is also affected by the
difficulty of the approach, maneuvering space for tugs (slip width), and
| ocation of the pier or wharf facility. H gher approach velocities should be
anticipated when the berth is located in exposed waters where environmenta
| oads cause difficulty in controlling the ship. Aso, currents in tida
estuaries in protected waters can be of mjor concern. Approach velocity
normal to the berth nay be taken from Figures 44 and 45. The determination as
to whether a facility is “exposed,” “noderate,” or “sheltered” depends on the
environnmental conditions at the site and is a matter for professional judgnent
by the designer. Mst naval facilities in the United States are situated in
protected waters and can be taken as “sheltered.” \ere high currents (0.3
ft/s or nore) or strong winds (40 knots or nore) occur frequently, a
“moderate” condition should be assumed. The “exposed” condition may be used
when unusual |y severe currents and wi nds are present. However, |oca
experience with ship berthing should control the selection.

5.2.3 Exanple Calculation. Conpute the energy to be absorbed by a fender
systemin a tug-assisted berthing of a vessel at a pier located in a sheltered
basin. The followi ng information is furnished

Water depth at berth .................. 35 ft
Berthing draft, fully loaded .......... 28 ft
Di spl acenent, fully loaded ............ 20,500 long tons
Length ... ... .. . 564 ft
Beam . ... .. .. 81 ft
G =G GGG o 0.5
Efender = 1¥42¢ 0y
2 g

v from Figure 45 = 0.27 ft/s

c = g = 2_& = .

m 1B+ 2 1 +8i X & 1.69

E =1 x 20,500 x 2,250 x (0.27)2 x 0.5 x 1.69
fender 2 32.2 ~ 1,000

44,1 ft-kips
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5.2.4 Berthing Enerqgy for Subnarines. The kinetic method for calculating
berthing energy as explained above is generally applicable for submarines.
However, the formula for conputing the effective mass coefficient (Cm is

not applicable. The cognizant naval agency, such as NAVSEA, should be
contacted for a recommendation for Cm based on the nodel study for the
specific class of submarine. Because submarines wll always be tug-assisted
and berthed against camels, the approach velocity as obtained from Figure 44
for sheltered-to-noderate conditions nay be used in the absence of nore
specific information.

5.3 Types of Fender Systens

5.3.1 Ceneral. Fender systens absorb or dissipate the kinetic energy of
the berthing ship by converting it into potential energy in the fender
materials. This could be in the formof deflection of a fender pile,
conpression of a colum of rubber, deformation of a foamfilled cylinder,
torsion of a steel shaft, or pressuring of a pneumatic fender. Qher energy
conversion processes are possible. Hydraulic fenders absorb energy in the
form of heat. However, nost practical systens use the potential energy
conversion and are the only systems to be considered.

5.3.2 Fender System Conponents

5.3.2.1 FEender Piles. Although tinber and steel piles are the nost com
monly used, prestressed concrete is also being studied as a possible fender

pile material. The fender piles usually are connected to a chock and wal er
system at the deck |evel and supported by rubber fender units to the
bul lrail. In the working stress range, there is a linear relationship between

reaction force and defl ection.

5.3.2.2 End- Loaded Rubber Fenders. These work by elastic conpression of
hol | ow rubber cylinder elenents with small |ength-to-dianeter ratios. As
shown in Figure 46(A), steel fender panels with special rubbing materia
facing are usually required to mnimze wear. The-reaction force is an
exponential function of the deflection. These fenders are usually attached
directly to the pier or wharf structure in the formof a “cell fender.”

5.3.2.3 Si de- Loaded Rubber Fenders. These are hollow rubber units available
in trapezoidal, circular, square, or D shapes that, when |oaded at their side,
deformby trying to flatten out. See Figure 46(B). The potential energy is
stored by a conbination of conpression and bending of the rubber el ements.

The reaction force is an exponential function of the deflection and the
performance curve is quite simlar for all the shapes. Fenders having a
curved rather than flat external surface increase in stiffness nmore gradually
as the area of contact increases during deformation. Al these fenders
experience a sharp and rapid increase in stiffness when the amount of
deflection conpletely collapses the open bore, regardless of their externa
contour. Side-loaded rubber fenders will not absorb |arge anmounts of energy
and are not generally used alone. They are usually provided at the top of
fender piles in discontinuous pieces, as shown in Figure 54.
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5.3.2.4 Rubber Shear Fenders.. The potential energy in these units is stored
as elastic shear deformation of the rubber. Usually, a solid rubber block is
vul cani zed between two nmetal plates and the force is transferred through a
fender frame or panel, as shown in Figure 47. These fenders are highly
sensitive to proper manufacturing and installation as they depend on the bond

between steel plates and the rubber. The force-deflection relationship is
essentially linear.

5.3.2.5 Buckling Fenders. These fenders operate on the buckling colum
principle in which a nolded colum of rubber is |oaded axially until it
buckles laterally. The end-loaded cylinder fenders described earlier are
actually a buckling fender in principle. Mst buckling fenders are not well
suited for direct contact with a noving ship and hence are used with an
abrasion or protector panel, as shown in Figure 48. The reaction force is
linear up to a level when the pure conpression behavior changes to the
buckling node. Hence, initially a relatively high reaction is built up with a
smal | deflection, which then stays constant through the rest of the deflection
range. Since buckling fenders are intended to buckle in a predeterm ned
direction, any lateral deflection can significantly reduce their

ef f ectivness. When lateral loads in either direction (parallel to length of
berth or up/down) are anticipated, a cell-type fender is preferred. These
fenders are beconming increasingly popular for berthing very |arge ships as
they can absorb very high energy with a constant reaction force.

5.3.2.6 Pneumatic Fenders. The potential energy in these fenders is stored
by the elastic conpression of a confined volune of air. By varying the
internal pressure of air, the energy-absorption characteristic can be

changed. To prevent the air pressure fromincreasing to a “blowut” |evel
pneunatic fenders are provided with a relief valve or deflection limter
within the body of the unit. The shell construction for these fenders is
simlar to an autonbile tire with several lam nations to provide the high
tensile strength required. The surface pressure of these fenders is uniform
resulting in uniformhull pressure. Reaction force is an exponential function

of deflection. The basic types of pneumatic fenders in commbn use are
di scussed bel ow

a) Air Block and Air Cushion. The shells for these are chenically
bonded and nechanically coupled to a rigid nounting plate that can be attached
to a solid face of the berthing structure. See Figures 49(C) and 49(D).

b) Eloating The floating type is usually cylindrical in shape
with hem spherical ends and is attached to the structure by chains. It floats
on the water and rises and falls with the tide. The unit requires a backing
systemto distribute the load. As shown in Figures 49(A) and 49(E), large
floating pneumatic types are covered with a net of used autonobile tires and
cylindrical rubber sleeves to protect the fender from puncture and abrasion.

The tire net and chains also formthe neans for rigging and attaching the
fender to the pier.
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c) Tire. This type consists of a large-dianmeter tire nmounted on an
axl e and backed by rollers. The unit can be mounted with its axis of rotation
vertical or horizontal..” This type is particularly suited for pronounced

coners of the-structure where ships may have approach difficulties. See
Figure 49(B)

5.3.2.7 FoamFilled Fenders. These are constructed of resilient, closed-
cell foam surrounded by an elastoneric skin. Additional protection against
abrasion can be provided by thicker elastoneric coatings or an external tire
net, simlar to the floating pneumatic type. The fender requires a backing
systemto distribute the load. Netless fenders cost nore due to the need for
t hi cker skins and coatings. However, the greater hull marking of the tire net
and occasional nmaintenance need suggest that netless fenders nay be

preferred. The unit floats up and down with the tide and is held in place
with chains. The cellular structure of the foamfilling reacts |ike hundreds
of millions of individual pneumatic fenders in deforning and absorbing the
energy. The foam contains the air within its cellular structure and tends to
conpress upon itself rather than bul ge peripherally, The foamfilled fenders
have a high energy absorption with conparatively small reaction force.

Surface pressure of the fender is not quite uniformwhhen it is conpressed, so
the hull pressure over the contact area is not quite uniform See Figure SO
for construction and installation details.

5.3.3 Fender Systems. The conponents discussed above, used individually
or in conbination along with the ship, separator, and structure, formthe
fender system Usually, very little energy is absorbed in the form of ship
def ormati on. Separators also have little or no energy-absorption capability
by thenmselves, unless a fender unit is installed between the ship and the
separator. The structure in npost cases is assumed to be inflexible and energy
absorbed is not counted. However, in berthing against breasting dolphins in
deep waters, the energy absorbed by the structure is significant and may be
taken into account. The following are the conmonly used fender systens.

5.3.3.1 Fender Piles with Side-loaded Rubber Units. This is the nost
commonly used systemin existing Navy piers and wharves. As shown in Figure
51, this system enploys a series of closely spaced fender piles (5- to 10-ft
spaci ng) connected together by chocks and wal ers. A rubber fender unit is
mount ed between the waler and the berthing structure. A series of diagonal
chains fromthe structure to the waler conpletes the system The system has
worked very well in both naval and commercial facilities when used with
tight-fitting joints between chocks, walers, and pile head, and when proper
tension splices that provide conpression and tension continuity along the face
of berth are used. Ships may be berthed either directly or through a |og
canel . However, when canels are used, the fender piling nmust be sized to
resist the resulting bending. Although tinber piles are nore common, stee
pi l es have al so been used. Concrete piles appear to have significant

advant ages over steel and tinber in this type of application. The concrete
piles may also be designed to allow |large deflections and energy absorption
and are being tested by the Navy. See Naval Civil Engineering Laboratory

(NCEL) TM 51-85-19, Developnent of Prestressed Concrete Fender Piles -
Prelinminary Tests.
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The system provides good berthing flexibility. Ships of different sizes,
tugboats, subnarines, and barges can be accommobdated without any

nodi fication.  However, when used with floating canels, which tend to cock
between the ship and the piles, the ship’'s energy may becorme concentrated on
just one or two piles. Hence, unless the floating camel is tightly secured to
the piles (guided by piles), the systemw Il not work well and frequent damage
will occur. The pile-rubber systemis not recomrended for solid and other
types of piers and wharves where full deflection of the piles within the
working range will be prevented. Wen this systemis enployed throughout the
l ength of berth, the rubber fender units should be sized for direct berthing
of ships (wthout the use of canels).

5.3.3.2 Directly Munted Fender Units. In this system individual fender
units like the cell or buckling type are attached directly to the pier or

wharf face. For narrow tidal range in solid piers and wharves, and for narrow
vessel size range, this system may be cost-effective for direct berthing of
surface ships. However, additional fender types will have to be used for
berthing submarines and for berthing ships with a separator. Although this

system is very popular in comercial piers and wharves throughout the world,
it may not be suitable for sone naval facilities.

5.3.3.3 Floating Fender Units. This system consists of foamfilled or
pneumatic fender units and a backing system As the fender units can be
positioned to float with the tide, several surface ship types can be handl ed
The backing system should be designed to work with the fender unit for the

full tidal range. Since the floating units are usually rather large, they
provide a good standoff and may function as a separator as well. The berthing
structure may be designed with the backing system at different points along
the length of berth and the fender units noved around as berthing plans

change . Sone pronising backing concepts are shown in Figures 52 and 53. When
clustered piles or sheet piles are used for the backing system additiona

energy can be absorbed by the piles and their support systenms at the deck
| evel .

5.3.3.4 Conbi nati on System Any of the above-nentioned fender systens nay
be combined in the same berth to make up the deficiency of another. A berth
may have either the floating fender units or directly mounted fenders at
discrete points, with the in-between spaces filled up by the pile/rubber
system designed to work with separators. Floating fenders and directly
mounted fenders may be used alternately along solid or two-story types of
piers and wharves. Conbination systenms are illustrated in Figure 54.

5.3.3.5 Monopi le System This is a proprietary fendering system based on
the use of a floating ring-shaped resilient fender unit which rides up and
down on a large steel pile driven to the seabed. Special lowfriction bearing
pads are installed on the inner surface of the hull of the ring fender so that
the fender unit can rotate and slide freely on the pile. This unique ability
makes the nonopile system very suitable for corner protection of piers and
wharves and entrances to a narrow slip. The units can also work well as
breasting and turning dol phins. Energy is absorbed both by the steel nonopile

in flexure and by the ring-shaped fender unit. This systemis illustrated in
Figure 55.
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5.4 Selection and Design of Fender Systens,
°5.4.1 General ~ The mmjor factors which influence the selection of the

best fender system for a particular situation include the follow ng:

a) _Energy- Absorption Requirenents. The fender system nust have

sufficient energy-absorption capacity to absorb the kinetic energy of the
bert hing vessel.

b) Reaction Force. This is the force which is exerted on the
ship’s hull and on the berthing structure during inpact. The reaction force
has. a significant effect on the design of the berthing structure.

c) Hull Pressure, This is the pressure exerted on the ship’'s hul
by the fender unit and is derived by dividing the reaction force by the fender
area in contact with the ship. Hull pressure nmust be linited to |levels which
wi |l not cause permanent damage to the berthing ship.

d) Deflection. This is the distance, perpendicular to the line of
the berth, that the face of the fender system noves in absorbing the ship's

kinetic energy. The magnitude of the deflection allowable will be controlled
by other protrusions fromthe berthing face and the ship

e) Reaction/Deflection Relationshin. The nature of the reaction
deflection relationship determnes the relative stiffness of the fender system

f) Long-Term Contact., This includes the changes in environnmenta
conditions (i.e., wind, current, waves, and tide) during |oading and unl oadi ng
at the berth. The fender system should not “roll up,” tear, abrade, or be
susceptible to other forns of damage when subject to |long-term contact.

Coefficient of Friction between the Face of the Fender System
and the Ship's Hull. This deternmines the resultant shear force when the ship
is berthing with longitudinal and/or rolling motion and may have a significant
detrinental effect on the energy-absorption performance of the fender system

The nagnitude of the shear force also may have a significant effect on the
cost of the berthing structure.

h) Degree of Exposures. \Were the berth is exposed to severe wind,
current, and/or wave action, the fender selection nay be governed by the
desi gn nooring conditions rather than berthing conditions.

i) Life-Cycle Costs. Capital costs for both the fender system and

the structure, as well as operation, maintenance, and repair costs, nust be
eval uat ed

j) Berthing Practice, The capability of the crews responsible for
berthing the ship will have an effect on the energy-absorption requirenent of

the fender system The berthing velocity and angle of attach are affected by
the local berthing practice.
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k) Maintenance. Were nmai ntenance is expected to be infrequent,

a sinple, possibly less efficient, fender system may be preferable to a
systemrequiring a higher degree of maintenance.

1) Local Experience, Fender types already used |locally should be
consi dered since their performance under actual conditions is known. Al so,

there nmay be an advantage in having interchangeability of spares,
particularly if the nunber of new fenders required is small.

m FErequency of Berthing Operations. A high frequency of

berthings nornally justifies greater capital expenditures for the fender
system

n) Range of Ship Sizes Expected to Use the Berth. Wiile the
ener gy-absorption capacity of the fender system may be selected for the
| argest ship expected to use the berth, the fender system nust be suitable
for the full range of ships that the berth will accommmbdate. The effect of
hul I pressure and fender stiffness on the smaller vessels may have a
significant influence on the selection and arrangenent of the fenders.

0) Shape of Ship's Hull in Contact with the Fender System Where
vessels with unusual hull configurations or protrusions nmay be expected to
use the berth or where the berth must accommodate barges, special attention
nmust be paid to the selection and arrangenent of the fender system

p) Range of Water Level to be Accommpdated. The fender system
must be suitable during the full range of water levels that may occur at the
berth. The design nmust consider both the |argest and smallest vessels, in
both the | oaded and light conditions, at high and low water levels. \ere

extreme water |evel variations occur, consideration should be given to the
use of floating fender systens.

g) Separators. The size, type, and nunber of canmels used in
berthing operations will seriously influence selection of the fender system

5.4.2 Fender System Behavior. The fender systens having the nost
promi se for new installations can be classified into three groups in termns
of their behavior:

a) The flexible pile types have basically a linear
force-deflection relationship.

b) The buckling colum types behave linearly up to a point where
the rubber starts to buckle and behave nonlinearly fromthere on.

c) The pneumatic, foamfilled, and side-loaded rubber fenders
exhibit very simlar behavior with the reaction force building up nmore than

proportional to increasing deflection. These behaviors are illustrated in
Fi gure 56.
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5.4.3 Eval uation of Alternatives

5.4.3.1 Equal Energy and Reaction, Figure 56(A) illustrates the reaction
defl ection characteristics of the three types of fender systens. The area
under each of the reaction/deflection curves represents the energy absorbed by
that type of fender. Each of the curves in the figure represents fender
systens with equal rated reactions and equal energy-absorption capability. It
is evident fromthe figure that, while the fenders of the various types
illustrated provide equal energy absorption at equal rated reactions, the

ener gy-absorption capacity is achieved through different deflections, with the
buckling type deflecting the |east.

5.4.3.2 Equal Reaction and Deflection. A conparison of the various types of
fenders may alternatively be considered on the basis of equal rated reaction
and equal deflection, as illustrated in Figure 56(B). This situation often
occurs when new fender units are installed in conjunction with, and compatible
with, an existing fender system It may also occur when a replacenent fender
systemis installed in an existing facility with cargo transfer equiprment of
limted reach. It is evident fromthe figure that the buckling type fenders

have considerably nore energy-absorption capacity for the sane reaction and
defl ection than the other types.

5.4.3.3 Reaction versus Energy Absorbed. Conparing the various types of
fender systens fromthe point of view of the reaction force that is devel oped
for a given energy-absorption capacity, as illustrated in Figure 56(C), it is
evident that the pneumatic, foamfilled, and side-loaded rubber type fender
units are the “softest.” They have greater energy-absorption capacity at
reaction levels less than their maxinumrated reaction. This characteristic
makes these fenders particularly attractive at berths which nmust accommvpdate a
wi de range of vessel sizes since the fenders will deflect significantly even
when subjected to relatively snall berthing inpacts.

5.4.3.4 Accidental Overloads. Also to be considered in the selection of a
fender system are the consequences of an accidental overload of the system
The buckling and side-loaded rubber fenders “bottomout” if conpressed beyond
their maxinum rated deflection, with resultant high reaction forces and the
potential for severe damage to the berthing vessel and the support structure.
The reaction of flexible pile fender sytems will continue to increase at a
uni formrate when overl oaded until the yield stress of the pile naterial is
reached, at which point continued deflection will occur as the material vyields
with no appreciable increase in reaction. Foamfilled fenders, when
conpressed beyond their maximum rated deflection, will exhibit a steadily
increasing reaction and will incur permanent deformation and consequent |oss
of future energy-absorption capacity. The pneunatic fenders are nornally
fitted with relief valves so that when overloaded they continue to absorb
energy with no increase in reaction beyond that which corresponds to the
relief valve setting and no permanent danage to the fender unit.

5.4.3.5 Buckling Fenders. Since the buckling type fender systenms have the
hi ghest energy-absorption capacity for a given deflection and reaction, they
are in very wide use in comercial piers and wharves. Due to the nature of
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the reaction/deflection/energy-absorption relationship of these types of
fenders, as illustrated in Figure 56(C), a very high reaction (close to

mexi munm) occurs during virtually every berthing operation and the berthing
structure nust be designed with this fact in mnd. This fact also causes the
fender to be relatively rigid when snaller ships use a berth designed for

| arger ones. Many buckling-type fenders cause rather high contact pressures
agai nst the ship’s hull and consequently require a panel to distribute and
thus reduce the pressure. The panel nust be sized and located to ensure
proper contact with both the |argest and smallest vessels to use the berth.
Anot her characteristic of these fenders which nust be considered is their

| owered performance when inpacted by a vessel approaching at an angle to the
berth or with a velocity conponent in the longitudinal direction. The
reduction in energy-absorption capacity may be as much as 20 percent when the

approach angle is 5° to 10° wth additional reduction when conbined with
shear strain.

5.4.3.6 Floating Fenders. The floating pneumatic and foamfilled fenders
have a simlar appearance and simlar reaction/deflection relationshinp.
Conpared to the buckling types, these fenders require greater deflection for a
given reaction and energy-absorption capacity. The pneumatic and foamfilled
fenders present a very large surface to the ship’s hull and consequently have

low hull contact pressures. This elimnates the need for a panel between the
ship and the fender.

Wth the pneumatic and foamfilled types of fenders, the maximum reactions
will normally occur only a very fewtines during the life of the facility,
permitting the use of higher stress levels in the supporting structure.
However, they require a rather large, solid face on the supporting structure,
which may increase its costs. The nain difference between pneumatic and
foamfilled fenders is that the former will lose its strength conpletely when
punctured by ship protrusions and that the latter nmay |ose a significant part
of its energy-absorption capacity under repeated heavy | oadings.

5.4.4 Fender System Design

5.4.4.1 Ship Contact. Wiile the ideal berthing process would attenpt to
engage as many fender units as possible, in reality, at the time of inpact,
the ship will be at a slight angle to the berth and contact will be nade over
a small length. Discrete fender units such as the buckling colum type or the
floating type should be designed for one unit providing the full energy with a
m ni mum of two units installed per berth. For the continuous system using
flexible piles and rubbers, the length of contact will be a function of the
ship’s hull radius at the |evel where contact is made, the flexibility and
spaci ng of rubber fender unit units, and the stiffness of the chock and wal er
assenbly in the horizontal plane. The problemis anal ogous to a beam on
elastic foundation. In the absence of nmore rigorous analysis, the follow ng
assunptions for contact length may be made:

Crui sers, destroyers, and frigates ..... 20 ft

Batt| eshi ps, amphibious warfare
ships, and auxiliary ships
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When berthing is made with separators, only one separator should be assumed to
be in contact at the time of inpact, with a mninum of two separators
installed per berth. Were the separators are guided by fender piles, all the
piles may be assunmed to be effective in sharing the energy. Wen free
floating separators are used, not all the piles backing the separator will be

effective. Local experience should dictate and a nore conservative assunption
shoul d be nade.

5.4.4.2 Allowable Hull Pressure. When the ship's energy is resisted through
foamfilled or pneumatic fenders, the resulting force is concentrated in a
smal|l area of the ship's hull. In such cases, the allowable pressure on the
ship's hull becomes a critical design issue. Mst fast conmbatants have a thin
hull plating with a low allowable hull pressure. Table 7 lists typical values
for sonme ship types. For nore specific information on the ships being

berthed, NAVSEASYSCOM should be consulted. The values in Table 7 are based on
yielding of the hull plating and include a 1.5 safety factor. Consequently,
when checking for an accidental condition, the allowable value nay be
increased by up to 50 percent.

5.4.4.3 Allowable Stresses. Since ship berthing is a short-terminpact type
of loading, the follow ng increases over published values (M L-HDBK-1002/5,

M L- HDBK- 1002/ 6, M L- HDBK- 1002/ 3 and NAVFAC DM 2.04) are permitted The fender
system may be designed as a Class B structure.

a) Tinber. For operating condition, the allowable stress in flexure
(tension and conpression) may be taken as 0.67 X nodulas of rupture or the
publ i shed allowable values increased by a factor of 2.0, whichever is |ess.
For the accidental condition, the stress-strain curve may be assumed to be
linear up to 0.9 X nodulas of rupture, which should be taken as the limt.

b) Steel. For operating condition, the allowable stress in flexure
(tension and conpression) may be taken as 0.8 X yield stress. For the
accidental condition, full yield stress may be used. However, the sections
used shoul d satisfy conpactness requirenents or the allowable stress reduced
proportionately. Menbers should be sufficiently braced for devel opnent of the
yield strength.

c) Concrete. Reinforced and prestressed concrete menbers not
intended for energy absorption should be designed with a load factor of 1.7
over forces devel oped due to operating condition. \Wen designed thus, they
will be satisfactory for the accidental condition. Further prestressed
menbers should not be allowed to develop tensile stresses in excess of 12 X
square root of 28-day conpressive strength in the preconpressed zone
Prestressed concrete nenbers specifically designed for energy absorption may
not conform to the above requirements and are beyond the scope of this manual
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Table 7
Maxi mum Al | owabl e Hull Contact Pressures*

Max. Al |l owabl e

Hul | Cont act
Typi cal Vessel Type Pressure at
Desi gnati on d ass Waterline (psi)
Battl eship BB 61 | owa 17.3
CQuided nissile cruiser CG 26 Bel knap 17.3
CQuided nissile cruiser CC 47 Ti conder oga 9.3
CQuided nissile cruiser CGN 36 California 19.0
Quided nissile cruiser CGN 38 Virginia 18.7
Aircraft carrier CV 663 Kitty Hawk 34.8
Aircraft carrier CVN 68 Nimtz 28.9
Dest royer DD 963 Spr uance 9.3
Quided nissile destroyer DDG 2 Adans 32.0
Quided nissile destroyer DDG 37 Farragut 30.0
Quided nissile destroyer DDG 993 Ki dd 9.3
Frigate FF 1052 Knox 10.0
Quided missile frigate FFG 7 AQiver Hazard Perry 9.3
Subnari ne SSN 637 St ur geon 15.2
Subnari ne SSN 688 Los Angel es 27.2
Bal listic missile submarine SSBN 616 Laf ayette 15.2
Ballistic mssile subnarine SSBN 726 thio 30.3
M nesweeper MBSO 427 Const ant 4.7%*
Anphi bi ous cargo ship LKA 113 Charl eston 12. 6
Anphi bi ous transport dock LPD 4 Austin 12.8
Amphi bi ous assault ship LHA | Tar awa 17.6
Dock landing ship LSD 36 Anchor age 18.5
Tank |anding ship LST 1179 Newpor t 10.0
Destroyer tender AD 37 Samuel Gonpers 9.4
Amunition ship AE 26 Ki | auea 14.6
Conbat store ship AFS 1 Mar s 18.1
Fast conbat support ship ACE 1 Sacranent o 17.6
Oler AO 177 G marron 21.0
Qler AO 187 Henry J. Kaiser 19.9
Repl eni shment  oi |l er ACR 1 Wchita 27.7
Sal vage ship ARS 38 Bol st er 13.4
Sal vage ship ARS 50 Saf eguar d 13.4
Submarine tender AS 36 L.Y. Spear 9.2
8

Repair ship AR 5 Vol can 11.

* The allowabl e pressure is based on contact at the middle 60 percent of
ship's length at waterline.

** Assum ed value. M0 has, a wooden hull capable of accepting high contact
pressures.
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5.4.4.4 Coefficient of Friction. As the ship is berthed against the fender
system there will be force conponents developed in the |ongitudinal and
vertical directions also. As the coefficient of friction between rubber and
steel is very high, special fender front panels have been devel oped with
reduced friction coefficient. Utra high nolecular weight (UHMN plastic
rubbing strips have been successfully used in front of tinber piles. The
following friction coefficients may be used in the design of fender systens.

Tinber to steel ................ 0.4 to 0.6
Urethane to steel .............. 0.4 to 0.6
Steel to steel ................. 0.25

Rubber to steel ................ 0.6 to 0.7
UHWVto steel .................. 0.1 to 0.2

5.4.4.5  Tenperature Effects, Fender piles, backing menbers, etc., are not
affected by tenperature fluctuations and can be expected to perform normally.
However, in colder tenperatures, rubber fender units becone stiffer and their
performance will be affected significantly. Hence, the energy-absorbing
capability of the rubber unit and the fender system as a whole should be

eval uated based on the |owest operating tenperature expected. UHWN rubbing
strips which have a significantly higher rate of expansion than steel or
concrete should also be carefully designed and detailed to operate
effectively.

5.4.5 Corner Protection. All corners of piers and wharves and entrances
to slips should be provided with fender piles, rubbing strips, and rubber
fenders for accidental contact with ships or routine contact with tugs. See
Figure 57 for typical details.

54.6 Support Chains. Chains are commonly used in fender systems when a
tension nenber is needed. Chains are used in continuous fender systems and

| arge buckling and cell type units to resist the sudden energy rel eased. For
pneumatic and foamfilled resilient fender units, the chain is used to suspend
the units. Chain smaller than 3/8 inch is not recommended. For better
corrosion resistance, zinc coating is preferred. A common weldless high-test
chain is usually nore cost-effective than the stud link variety.
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Section 6. SEPARATORS

6.1 Function and Application. Separators are devices used between the
ship and the structure or between adjacent multiple berthed ships to provide a
“standoff” or separation. A separator used between a ship and a dock is

frequently referred to as a camel. Al Navy piers use separators extensively
for the follow ng reasons:

6.1.1 Hul | _Maintenance. During active berthing, the ship's crew typically
performs cleaning, painting, light hull repairs, and other routine maintenance
activities on the ship. These activities are best performed when the ship is
kept off the structure at discrete points.

6.1.2 Querhangs and Projections. Aircraft carriers that have |large
overhangs at the flight deck level, and several other ship types having bul ges
and projections at the side, require separators to prevent damage to the ship

at these projections. Oher protrusions include air masker bands, soft sonar
domes, and stabilizer fins.

6.1.3 Special Skin Treatnments. New classes of ships are being equipped
with special hull treatnents that can get damaged through constant rubbing
against the structure. Separators with special rubbing strips can mnimze
the contact area and control the danage.

6.1.4 Submarine Berthing. Navy subnmarines are typically berthed with
deep-draft (camel) separators. The submarines nmay be noored to the canels or
moored directly to the berthing structure. Subnarines require the separators

to prevent damage to diving planes, screws, fairings, and the special skin
treatnents.

6.1.5 Miltiple Berthing. Separators are required between ships that have
to be berthed abreast for ship-to-ship transfer operations or for |ack of
berthing space in the naval station.

6.1.6 Fender Protection. Wen the existing fender system can suffer
damage due to notions of noored ships, a separator can be useful in reducing
the danmage as long as it is properly placed and the ship is properly mored.
If not, canels can easily increase the damage to tinber fender piles.

6.2 Separator Types. The nore commonly used separator types are as
foll ows:
6.2.1 Log Canels. These are large-diameter turned tinber logs (24- to

36-inch diameter) 40 to 50 ft long, held in the desired position from the deck
by nylon ropes or chains. They are usually allowed to float with the tide.

The longer length is preferred as they can distribute the load to a greater
nunber of piles. See Figure 58(A).
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Multiple |l og canels are made from several snaller diameter |ogs held
together by wire rope at ends and at center. They are not as efficient as the
single log camels. Sonetimes a series of used tires may be fitted through the
log to provide some energy absorption, as shown in Figure 58(B). Log canels
do not provide much of a separation. Wen a w der separation is needed, a
steel or wood pontoon canel may be inserted between the ship and |og canel.

6.2.2 Tinber Canels. These consist of several |arge tinbers connected
together by struts and cross braces to forma large crib. Additional foam
flotation units may be inserted between the tinbers for a higher freeboard

Wear causes bolt heads to become exposed and thus cause damage to hulls.  See
Figure 59(A)

6.2.3 Steel Pontoon Canels. These are made of cubical or cylindrica
steel pontoons connected by structural framing. The pontoons should
preferably be filled with foamto reduce the risk of losing flotation by
acci dental puncturing of the units. See Figure 59(B)

6.2.4 Deep-Draft Canels. For submarine berthing where a good portion of
the body is below the waterline, all the above canels are inadequate as the
camel will ride up on the submarine during berthing. Hence, deep-draft canels
made from | arge steel pipes and tinber wal ers have been devel oped. See
Figures 60 and 61. They have a linmted energy absorption and a narrow worKki ng
platform  These canels work well when nooring agai nst a tender ship and for
multiple berthing. Wen used against an open pier or wharf, these canmels will
require solid backing elenents (below waterline) from the fender system The
more advanced version of the submarine camels is used for berthing the
Ohio-class (Trident) submarines. These camels are attached to guide piles and
provided with a large working deck. See Figure 42. The subnarine is noored
to the canels with preventer lines (at bow and stern cleats) going directly to

the wharf structure. The guided canel arrangerment is reconmended where the
subnarine has a dedicated berth

6.2.5 Carrier Canels. Aircraft carriers, with their |arge overhang at
flight deck, require a wide separator fromthe pier or wharf structure. A

speci al steel-framed camel has been devel oped for this use and is illustrated
in Figure 62.

6.2.6 Large Fenders. Foamfilled fenders and large cell-type fenders can
serve as separators to provide the standoff for some ship types. Foamfilled
and pneumatic fenders can al so be used as a separator between ships in
multiple berthing, as shown in Figure 63

6.3 Loads. The camel |oads are conputed from berthing and nooring
analysis of the ship, camel, fender, and structure system resisting the
|ateral loads. Al the ship’s current and wind |loads are transmtted through
the canels to the pier or wharf structure. Al horizontal |oads nay be
assuned to be acting uniformy along the length. Deck elenents of |arge
canel s should be designed for 50-psf vertical live load. The camel assembly
for fabricated camels should be checked for lifting stresses.
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6.4 Ceonetry. The shape and size of fabricated canels are governed by
the ship's geonetry at waterline.

6.4.1 Ship’s Lines. For large vessels such as CVs or CVNs, camels may be
designed for berthing a single class of ship. The bearing face between canel
and vessel should be shaped to approximate the lines of the ship at water-
line. Because hull lines vary with conditions of draft and trim generally
only a rough match is possible. Therefore, the outboard canel bearing face
shoul d be provided with rubber fenders or other nmeans to produce sone
flexibility in the bearing face, thus conpensating for minor hull line
variations. \Were hull line variations are |large, adapters or tel escoping
devices may be required. Except for straightsided ships, usually a single
line bearing between separators and ships is provided

6.4.2 Length and Wdth. Adequate length of separators should be provided
in order to keep the contact pressure between separator and hull and between
separator and pier fenders within allowable limts. The length should not be
| ess than the distance between three frames of the ship, three fenders or
fender piles on the pier, or 30 ft, whichever is greatest. Mnimum separator
width is determned by the ship’s roll characteristics and freeboard, and the
presence of any overhanging projections on a ship.

6.4.3 Depth. Adequate depth shoul d be provided for submarine canmels and
separators to maintain contact with ship and dock in the full tidal range

6.5 Stability. There is usually sone eccentricity between the

hori zontal |oad applied on the ship side and the horizontal reaction provided
on the dock side. This is due to tilting of the canels (fromi nperfect
floatation, buoyancy tank taking on water, etc.) and tendency of the camel t
ride up and down with the vessel due to tidal fluctuations. The camel shoul
have sufficient width, depth, and weight to provide roll stability for
counteracting the effect of the |oad eccentricity and shoul d have neans of
adjusting for variations in tilt and trim

0
d

6.6 Location. For fine-lined ships, canels should generally be placed
within quarter points of the ship to give strength and to bear on a reason-
ably straight portion of the hull. For straight-sided ships, camels nmay be

| ocated beyond the quarter points. At least two canels should be provided for

all classes of ships. In any event, canels should not be placed so as to bear
directly against structural piles.

6.7 M scel | aneous Consi derati ons

6.7.1 Protection. Consideration should be given to outfitting stee

separators with a suitable protective coating or a cathodic protection system
depending on relative costs.

6.7.2 Buoyancy Tanks. Buoyancy tanks should be conpartmented or foam
filled. Drainage plugs used for pressure testing the buoyancy tanks shoul d be
provided. \Where pontoon canels are assenbled in a single line, they should be
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bal l asted for stability through plugged openings provided for this purpose.
The buoyancy of fram ng nmenbers and the weight of paint, if any, should be
considered in the buoyancy and stability conputations.

6.7.3 Abrasion. Canel fenders rubbing against a hull renmove its paint.
Exposed surfaces are subject to corrosive action, especially at the

waterline. For these reasons, it is desirable to have canel fenders rub
against hulls above the waterline where the hull can be repainted if necessary.
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Section 7. ACCESS FACILITIES

7.1 CGeneral. Several access structures are used in piers and wharves
for nmoving personnel and cargo, and acconmodating selected utility lines

They have unique design requirements. Some are of standard design and nmay be
procured as collateral equipnent while others are designed and constructed
specifically to go with the facility. The access facilities covered by this
manual are landing float, brow or gangway, brow platform walkway or catwalKk,
ranp, and utility boom

7.2 Landing Float. \Wen piers and wharves need to be accessed fromthe
wat ersi de by small craft such as patrol boats (which cannot berth directly), a
| anding float and a brow are required

7.2.1 Materials. Flotation units may consist of foans of polystyrene and
pol yur et hane, fiberglass-reinforced polyester resin shells with or w thout
foam cores, metal pontoons, netal pipes, metal druns, and hol |l ow concrete
sections. Tinber logs, the earliest formof flotation unit and the cheapest
have a tendency to become waterlogged and their use is not recommended. Decks
of floats are variously made out of wood planks, plywood, plywood and
fiberglass-resin coatings, concrete, and nonskid netal surfaces. Framework
for floats is generally of preservative-treated tinber, although steel and

alum num are often used. Al hardware shoul d be gal vani zed or otherwi se
protected from corrosion.

7.2.2 Mooring Systems. Floats should be anchored to prevent novenent by
wind, current, waves and inpact from the ships. Anchorage may consist of

i ndi vidual vertical (guide) piles, franes of batter and vertical piles, and
cables or chains. See Figure 29. When piles are used to anchor small floats,
guides are furnished to secure the float to the anchor pile. Commonly used
gui des are rigidly braced metal hoops of pipes, rollers, or traveler irons.
Chains and flat bar guides should not be used as they cause the float to hang
up on the piles. See Figure 64 for details. This systemworks well for

shal low waters with a large tidal range. |In deeper water, the pile head may
have to be supported by the structure or pile driven deeper. Anchorage may
al so be obtained froma cable or chain systemattached to the ocean bottom or
to the fixed pier or wharf structure.

7.2.3 Live Loads. Stages for |anding personnel only are designed for a
uniformlive load of 50 Ibs/ft? or a concentrated |ive load of 500 Ibs

placed at any point on the deck surface. The float should not tilt nore than
6” from the horizontal when applying the concentrated live |oad of 500 |bs.

7.2. 4 Freeboard. Floating stages for small craft usually ride with the

deck from 15 to 20 in. above the water surface under dead |oad. Live |oads
usually lower the float about 8 to 10 in.
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7.2.5 Fendering. Fenders should be provided on all floating stages. For
smal | craft berthing, fenders may consist of soft, flexible rubbing strips
(rubber tires, sections of hose).

7.2.6 Fittings. A minimmof three cleats (5,000-1b. capacity) should be
provided for securing snmall craft.

7.2.7 Finish. The deck should be provided with a nonskid surface. \Were
wheels or rollers froma broww |l be resting on the float, guide channels or
a skid plate should be provided to prevent damage to the float.

7.2.8 Reinforced Plastic Landing Float. The float shown in Figure 65 is
constructed of a planking material, referred to as “rovon planks,” formed by
wrapping glass roving, spirally, around rigid polyurethane foam cores. For
extra strength, several wappings may be applied. The float is 60 ft long, 14
ft wide, and 5 ft 4 in. deep. It weighs about 26,000 Ibs. The deck is covered
with a nonskid coating. In unloaded condition, the float draws 2 ft 1 in. of
water and in load condition the float, designed for a uniformlive |oad of 100
Ibs/ft? or a concentrated |oad of 500 |bs placed at any point on the deck,
draws 3 ft 7 in. of water. Cleats and a tinber fender system are provided. A
12- by 12-in. tinber menber is attached at each end to receive tinber pile
guides located at each corner. For additional details, refer to NCEL
Technical Report R 605, Reinforced Plastic lLanding Float and Brow The float

is light, strong, and has a high roll stability due to the catamaran-type hull
construction.

7.3 Brow or Gangway. Brows are used for access to landing floats from
the pier or wharf structure. They are nore frequently needed to access a
berthed ship from the deck. Brows are prinmarily used for personnel novenent
to or fromthe ship. NAVFAC standard brow drawings are available from the
engineering field divisions.

7.3.1 Length. Brows should be of sufficient length so that the slope will
not exceed 1.5 horizontal to 1.0 vertical at the worst condition.

7.3.2 Wdths. Wdths should be 36-in. mnimm/(clear) passage for one-way
traffic and 48-in. mninum (clear) passage for two-way traffic. A 60-in.

m ni mum (cl ear) passage should be provided for two-way traffic when personnel
carry snall [ oads.

7.3.3 Construction. Fi bergl ass, aluminum steel, tinber, or a conbina-
tion of these materials may be used. Al uminumand fiberglass are generally
preferred for the low weight to strength ratio and corrosion protection.

7.3.4 Live Load. The brow structure should be designed for a uniformlive
load of 75 Ibs./ft? and a concentrated |ive |oad of 200 |bs. applied

anywhere. A reduction in the live load to 50 Ibs./ft? may be pernissible
where the brow is to be used in conjunction with a landing float. For

calculation of reaction to the landing float, the live load can further be
reduced to 25 Ibs./ft?
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Figure 65
Rei nforced Plastic Landing Float
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7.3.5 Handrails. Handrails designed for 20 I bs. per lineal foot |atera
| oad should be provided on either side of the brow The handrail nay be
designed to serve as the top chord of a truss when sufficiently braced

7.3.6 Safety. Safety devices should be provided to keep the brow from
rolling off the platformdeck and to prevent novenent of the platformwhile in
use. Safety chains should be clipped into position for personnel safety.
Large tidal variations are a probl em because these may cause the brow to rol
off the platform A similar situation exists when high w nds, currents, and
extreme tides pull a ship away fromthe pier.

7.4 Brow Platforns. These are used when a brow from ship deck to pier
deck is not practical, or presents an obstruction. Exanples are portal crane
trackage along repair berths, large tidal variations, and great height from
deck to pier. Aircraft carriers (CVs and CVNs) usually use one brow forward
and two aft. These brows require platfornms 20 ft or higher. This platformis
basically a truncated tower, with typical nmeasurements of 12 x 12 ft at the
base, while the top deck is 5 ft wide and 10 ft long. If small stair
platforms are built alternately opposite hand, the requirement for a large
platform can be net by lashing two of the smaller ones together. See Figure
66. Sonetines the ship end of the brow can be connected to a rotatable
platformwhich is permanently fixed to the ship by nmeans of pins that |ock the
brow pivot hooks to the circular rotating portion of the rotatable platform

See Figure 67. Construction materials and live |oad requirements are the sane
as for brows.

7.5 Wal kway or Catwal k. These are permanent personnel access bridges
installed between shore and different elements of piers and wharves. One

exanple is a wal kway between the pier or wharf structure and a nooring dol phin
| ocated some distance away (shown in Figure 1).

7.5.1 Wdth. For wal kways between shore and a U shaped wharf, a 4-ft

width is recormended. For infrequently used wal kways, the mninum w dth
shoul d be 3 ft.

7.5.2 Live Load. Al wal kway structures should be designed for
100 Ibs./ft2 live |oad

7.5.3 Construction, \Wal kway decking should be slip-resistant alunm num or
fiberglass grating. Framng may be wood, aluminum or fiberglass nmenbers. In
view of the light |oads encountered, piles supporting deck stringers can be of
treated tinber. Were loads and installation difficulty make tinber piles

i nadequate, concrete and steel piles may be used

7.5.4 Handrails. Handrails should be provided on either side of the
wal kway.
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7.6 Ranps. Transfer bridges or ranps are sonetinmes required for noving
vehicles or heavy cargo from ships, simlar to a roll-on/roll-off (RQ RO
operation, MSC RO RO ships do not require any special features on existing
Navy piers. Sideport ramps are stowed and handled by the ship. Sternport
ranps are hinged to the vessel and extend to dockside or floating equi prent
(lighters, causeways, stages). These ships also have conventional cargo
gear. The LHA-class of anphibious assault ships, having vertical lift stern
gates, possess RO RO capability. Installations accommpdating vessels of this
type shoul d consider the use of a ramp or transfer bridge, as shown on Figure
68, to minimze the time required for novenment of vehicul ar equi pnment and for

| oadi ng of supplies. Design and construction of ranps should be simlar to
hi ghway bri dges.

7.7 Uility Booms. These are basically cantilevered arns used to
support electrical cables in submarine berths. See Figure 69. The boom
shoul d be supported by the pier or wharf structure as close to the bullrail as
possible for efficient operation. The boomis usually swung parallel to the
bullrail for stowing. The material for boomconstruction is usually steel.
Design of the boom structure should be according to NAVFAC DM 2. 03, _Structural

Engineering - Steel Structures. For mechanical requirements, refer to NAVFAC
DM 38.01, Weight Handling Equipnent.

7.8 Fuel Loading Arm At fueling piers and wharves, loading arms (as
shown in Figure 70) are used at dedicated positions for efficient transfer of
fuel. Design and construction requirenents of |oading arns are sinmlar to

utility boormns.

7.9 Access lLadders. Ladder access frompier or wharf deck to waters
shoul d be provided at a maxi mum spaci ng of 400 ft on centers unless a closer
spacing is required by local OSHA requirenents. Such |adders should be at
least 1 ft 4 in. wide and should reach the |l owest water elevation
anticipated. Safety cages are not required. The l[adder should be |ocated on
either side for a pier (50 ft or more wide) and on the water side for a wharf
at places convenient to anyone who might accidentally fall into the water.
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APPENDI X A
FACI LI TY PLATES

The following facility plates have been included in M L-HDBK-1025/1 for
the purpose of presenting an overview of some typical nava

facilities.

el ements. However ,

govern.

Bert hing
Bert hing
Bert hing
Bert hing
Bert hing
Bert hing
Bert hing
Bert hing
Bert hing
Fitting
Fitting
Fitting
Fuel i ng
Fuel i ng
Fuel i ng
Fuel i ng
Fuel i ng
Fuel i ng
Fuel i ng

wat er f r ont

The plates have been devel oped from drawi ngs of existing
facilities and illustrate the nature and interrelationships of the different

Description

Pi er
Pi er
Pi er
Pi er
Pi er
Pi er
Pi er
Pi er
Pi er

for
for
for
for
for
for
for
for
for

Qut Pier
Qut Pier
Qut Pier

Pi er
Pi er
Pi er
Pi er
Pi er
Pi er
Pi er

for
for
for
for
for
for
for

Submari ne
Submari ne
Dest royer
Dest royer

Cruiser & Auxiliary
Cruiser & Auxiliary

Carrier
Carrier
Carrier

for Destroyers
for Destroyers
for Destroyers

Auxiliaries
Auxiliaries
Auxiliaries
Auxiliaries
Auxiliaries
Auxiliaries
Auxiliaries

(Al'ternate
(Al'ternate
(Al'ternate
(Al'ternate

Repair Pier for Cruiser & Auxiliary
Repair Pier for Cruiser & Auxiliary

Ccean Ternm na
Ccean Term na

Whar f
Whar f

Carrier Berthing Quaywall
Carrier Berthing Quay-wall
Smal | Craft Berthing
Smal | Craft Berthing
Smal | Craft Berthing
Smal | Craft Berthing
Smal | Craft Berthing
Smal | Craft Berthing
Smal | Craft Berthing
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referenced design manual s.
the criteria and recommendations of

Pl at e No.

151-20
151-20
151-20
151-20
151-20
151-20
151-20
151-20
151-20
151-30
151-30
151-30
151-40
151-40
151-40
151-40
151-40
151-40
151-40
151-50
151-50
152-60
152- 60
154- 20
154- 20
155-20
155-20
155-20
155-20
155-20
155-20
155-20

Sheet
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la
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1b
la
1b
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the details shown in the plates nmay be inconsistent with
the text presented in ML-HDBK-1025/1 and ot her
all situations,

I'n

the design nmanuals should
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UTILITIES STATIONS

T 0 - TELEPHONE OUTLET

E 0 - ELECTRICAL QUTLET
COMPRESSED AIR-5/8* AT 3000 PSI & 1 1/2% AT 100 PSI
SANITARY SEWER 2-4"

PSS-  POTABLE WATER 1-2 1/2";

UNLESS OTHERWISE SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATION

STRUCTURAL REQUIREMENTS
MATERIAL

A. STRUCTURAL CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28
DAYS UNLESS OTHERWISE NOTED.

B. REINFORCEMENT SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 KSI MINIMUM
YIELD STRENGTH

C. STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.
LIVE LOADS
A. VERTICAL
UNIFORM LIVE LOAD AT 600 PSF
HS 20-44 TRUCK
S0 TON MOBILE CRANE
8. LATERAL LOADS
BERTHING AND MOORING FOR TWO VESSELS, ONE MOORED ON EACH SIDE OF PIER
SIMULTANEQUSLY, PER LINEAR FOOT, ALLOWASLE FITTING LOAD AT 200 WIT
HORIZONTAL :
STANDARD BOLLARD - 70,000 LBS
CA O0UBLE BITT - 60,000 L3S
30 IN. CLEAT - 35,000 L3S
pPI.zs
A. CAPACITY ASSUMED
SEARING - 33 TONS
UPLIFT - 12 1/2 TONS
CTHER CAPACITY PILES CAN BE

u
I

USED WHEREZ SITZ CONDITIONS AND ZCIONOMY SO WARRANTS.

ENTS

REM
WATER - 1600 GPM AT 125 PSI* (WITH BACKFLOW PREVENTIVE DSVICE IN ACCORDANCE

1)

3)
CIE‘J"’ PCTABLE WATER

w
L e

n

¢,

[ =

IS NOT AVAILABLE AT SELECTEZD SiTc PROVIDE THE FOLLOWING:

POTABLE WATER ~ 1 - 2-1/2" OUTLET AT UTILITIES STATION -
20 GPM AT 60 PSI* (WITH BACKFLOW
PRIVENTIVE DEVICE)
* MINIMUM RESIDUAL PRESSURE AT MOST REMCTI QUTLE

C. PROVIDE 8" DIAMETEZR HOLE WITH REMOVA3LE STEIL COVER SPACED
80TH DIRECTIONS IN DECK SLAB.

AT 25 FT. ON CENTERS IN

REFERENCES
A. SEE APPLICABLE NAVFAC DESIGN MANUALS & NAVFAC TECHNICAL PUBLICATIONS.

NOTE:  THIS DRAWING IS FOR REFERENCE AND PLANNING PURPOSES ONLY.. UTILITY REQUIREMENTS
INDICATED ARE FOR ESTIMATING PURPOSES ONLY.

TITLE DATE | FACILITY PLATE NO. |SHEET

BERTHING PIER FOR SUBMARINE I151-20 tb
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UTIL
T0
EO

ITIES STATIONS
- TELEPHONE OUTLET
- ELECTRICAL OUTLET

MO MECHANICAL OUTLET

=
s =

STEAM - 2*
COMPRESSED AIR = 1-1/2" AT 100 PSI

POTABLE WATER = 2-1/2* WITH BACKFLOW PREVENTIVE DEVICE IN IAW OM -5
SANITARY SEWER = 24"

. SALT WATER QUTLETS = 1 = 2-1/2" AND 1 = 4.1/2"
ESSALT WATER QUTLETS = 3 = 2.1/2" AND 1 = 4-1/2"
UNLESS OTHERWISE SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATIONS

STRU
MATE
A.

c.
LIVE
A.

8.

CTURAL REQUIREMENTS
RIAL
STRUCTURAL CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS
UNLESS OTHERWISE NOTED.
REINFORCEMENT SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 KSI MINIMUM
YIELD STRENGTH.
STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.
LOADS
VERTICAL
UNIFORM LIVE LOAD AT 600 PSF
HS 20-44 TRUCK
90 TON MOBILE CRANE
LATERAL LOADS
BERTHING AND MOORING FOR TWO VESSELS MOORED ON EACH SIDE OF PIEX SIMULTANEJUSLY,

1500 LB8S PER LINEAR FOOT.

PiLE

A.

ALLOWABLE FITTING LCAD AT 309 WITH HORIZONTAL:
STANDARD BOLLARD - 70,000 L3S
LOW DOuBLE BITT - 80,300 L3S
30 IN. CLEAT - 23,000 L3S

CAPACITY ASSUMED

BEARING « 50 TONS

UPLIFT - 12 1/2 TONS

OTHER CAPACITY PILES CAN BE USZD WHERE SITE CONDITIONS AND ECONOMY SO WARRANTS.

WATE

A.

8.

c.

R REQUIREMENTS
SALT WATER ~
FIRE = 3000 GPM AT 125 PSI | MINIMUM RESIDUAL

. PRESSURS AT MCST
POTABLE WATER = 1000 GPM AT 40 TO 80 PST  REMOTE QUTLET
PROVIDE &" DIAMETER HOLE WITA REMOVABLZ STZIZIL COVER SPACID AT 28 FT. ON CEINTERS IN
BOTH DIRECTIONS IN DECK SLAB.

REFE
A.
NOTE

NOTE

RENCES
Stz APPLICABLE NAVFAC DESIGH MANUALS & NAVFAC TECHNICAL PUBLICATIONS.

: LOCATION ANO QUANTITY OF OUTLETS AND TRANSFORMER VAULTS WILL VARY DEPENDING ON
BERTHING REQUIREMENTS.

: THIS DRAWING IS FOR REFERENCE AND PLANNING PURPOSES ONLY. UTILITY REQUIREMENTS
INDICATED ARE FOR ESTIMATING PURPOSES ONLY.

TITLE
BERT

DATE | FACILITY PLATE NO.
HING PIER FOR DESTROYER I151-20

SHEET

2b

160




M L- HDBK- 1025/ 1

850-0"
&4 433. 4°
i 2250 15¢-0" X 000 =
2<. 0" . 00" 7. STANDARD  BOLL ARDS,
' ' TYPE A L B BENTS. ALTERNATE
1
ITT_'EEJ_ | A Q UTILITY STATION - TYPICAL | )
.
ik TIPE A ! g :JMQ
i 5 Jw
: 4
« - =
-l —
d
£ x
- O
Qo b
o <
¢ b
¥
§ [ <iie=o il S s - G < S TR IIIIITITTIIIRTT oL ETTTTTTTRT
! M S ET S :
| i
\ - 6" WIDE « 4" MIGH SCUPPERS ——
\ ©6-3 acC. TYP
“£XFANSION JOINT A
a0 - a*
©C-0° 2 senet X 50-0°% - !
8.NTERMECIATE CLEATS AT 50-0" C.C. ALTERNATE 50-0" _25-9
1 : : ‘ IVPE A 8 B-BENTS. ALTERNATE ‘ . TYPE A ‘r'pg <
' S0 1 45 2-TYPT a-8ENTS i ‘ ; g0 | | 51
: R IT i : ! e i
: Lo : ‘ : .
| s ' £TIME “ME X i So
=g e 7 Y = o= & = .x’ !
Ul T e e S e e ————— ! +
LI IR I TR LT T X T T e _______.2§_'5§ ' l ‘
i 1 1 !
~ = h | r———-—-i ! l
! ! | TRANZFIRMER ! [ ! |
;‘ , vAULT | | : <<INTERMEDIATE / N '9!
g l ! | 8CLLARD— 5 Qjl
i i “— FLOODLIGHT TOWER ;! E
< 1 FIRE ALARM BOX TvPrAL\ ! I ]
pd o r
1
L/ == B\__octe o o5 SSe 7o\ (N é s
! i =T MS = e =
—sCee 2-4'3 OUTLET FOR #iRE 3OAT ’
. - CONNECTIONS ON SALT
EXPANSION JOINT PLAN WATER SYST I —/
&0 -0"
>
€
. PROVIOE LIGHTS
Z . —-:O/IN SULL RAIL.
SLOPE 16 N 12° =
— N 5
T
BRI 5
] I
!
/
~ |
i . 3 !
! 1
' a[ 7y 24 %
°
l ) \
I 1 } |
{ B P
/ )
¥, B “ b oama vy 7 . . ‘/‘/: ! . n VilSieia S
‘ . \ o I . o I : . I . !
a4 ] XD o AL 0w el v Ul e/
el TIMBER FENOER
PILE ——
SECTION A-A
TITLE DATE | FACILITY PLATE NQO, | SHEET

BERTHING PIER FOR CRUSIEAR &

AUXIARY 181-20 3a

161



M L- HDBK- 1025/ 1

ZLIPHONE QUTLET
LECTRICAL OUTLET
MECHANICAL QUTLET

S
&
-
]

-
c

STATIONS

STEAM < 2¢
COMPRESSEZD AIR = 3" AT 100 PSI

PCTABLE WATER = 2-1/2" WITH BACKFLOW PREVENTIVE DEVICE IN [AW OM -3
SANITARY SEWER = 2-4¢

S$= ' SALT WATER QUTLETS = 1 = 2-1/2" AN0 1 = d-j/2n
S= == SALT WATER QUTLETS = 3 = 2.1/2" Ad 1 = 4-1/2"
UNLESS OTHERWISE SPECIFIED IN APPLICA3LE NAVFAC TECHNICAL PUBLICATIONS

STRUCTURAL REQUIREMENTS

MATERIAL

A.  STRUCTURAL CONCRETEZ SHALL HAVE
UNLESS OTHERWISE MNOTED.

3. REINFORCZMENT SHALL CCONSIST OF DEFGRMED BARS WITH A STRENGTH LIVEL OF 60 KSI
7IELD STRENGTH. .

C. STRUCTURAL CONCRETZ SHALL BE AIR ENTRAINED.

LIvE LOADS

A. VERTICAL

A MINIMUM CCMPRESSIVE STRENGTH OF 4000 PSI AT 28 JAYS

HINIMUM

UNIFJRM LIVE LOAD AT 600 PSF
AS 2034 TRUCK

80 TCN MOeILD CRANE
3. LAT
& ND MCCRING FIR TWC VESSZLS, ONE MOORES ON £ACH SITE OF P8R
.M 223 S PER LINEAR 7107,
AT 20O WITR =Teilong
23,3000 L=<
70,000 L35
£3,00C Lz3
PIlEs
A, CAPACITY ASSUMES
3EARING - 30 TONS
WPLIFT - 12 1/2 TONS
OTHER CAPACITY PILZS CAN BE USED WHEZE SITE CONDITIONS AND ECONOMY SO WARRANTS.
WATER REJUIREMENTS
A.  SALT WATER -7
FIRE = 2300 GPM AT 128 PSl MINIMUM RESIOUAL
PRESSURE AT MGST
8. PCTASLI WATZR = i0C0 &AM AT 40 70 aC ?SI_) RIMCTT QUTLET
C. PROVIZT 8" DIAMETER HO0LZI WITH REMOVAELI STIIL CCOVER SPACID AT 25 FT. ON CENTZIZS Iy
S07TH SIREITIONS IN 22K SLAG.

.........

Ao SZZ APALICABLEI NAVFAC OESIGN MANUALS % NAVFAC TECHNICAL PUBLICATIONS.
S

NOTz: LOCATION AND QUANTITY OF OUTLETS AND TRANSFORMER VAULTS WILL VARY DEPENDING ON
BEXTHING REQUIREMENTS.
NOTE: THIS DRAWING IS FOR REFERENCE AND PLANNING PURPOSES ONLY. UTILITY REQUIREMENTS
INDICATED ARE FOR ESTIMATING PURPCSES QLY.
TITLE DATE FACILITY PLATE NO. [SHEET
BERTHING PIER FOR CRUSIER & AUXILIARY 151-20 3h
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JTILITIES STATIONS
£ 0 - ELECTRICAL OUTLET
T 0 - TTLEPHONE OUTLET
40 MECHANICAL OUTLET
STZAM - 4 - 2" QUTLET AT STATIONS NO. 3 & NO. 4
1 - 2" OQUTLET AT ALL OTHERS

- m T 1NN ncT

REZ AIR = 3" AT 100 PSI
POTABLE ~ATER = 1~ 4" QUTLET WITH 2-1/2" ADAPTER AT
STATIONS NO. 3 & 10, 4
SANITARY SEWER = 24"
SALT WATER QUTLETS = 4 - g
= SALT WATZR OUTLETS = 3 = 2-1/2" AND 1 = 4-1/2"
UNLESS OTHERWISE SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATIONS

hn

v LY

STRUCTURAL REQUIREMENTS

MATERIAL

A, STRUCTURAL CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH CF 4000 PSI AT 28 DAYS
UNLZZS OTHERWISE NOTED.

8. REINFORCEMENT SHALL CONSIST QF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 KSI MINIMUM
YIELD STRENGTH.

C. ALL STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.

LIVE LOADS

A.  VERTICAL

E. LAT
EZ=7H 2 MGCR F €AC0H SITE OF PTEZR SIMULTANEZUSLY,
3730 L3S PZ3 LINEAR FI0T.
ALLZwASLI PITTING LOAS AT 207 WITH HORIZZNTAL
LaRGz BOLLARS - 239,000 LzS
INTIZMIZIATE 30LLARD - 2CC,00C Lzt
4z In. CLZAT - 33,200 L:S

Ao CAPACITY ASSUMED

BEARING - 20 TONS

LPLIFT - 12 1/2 TCONS

OTREA CAPACITY PILES CAN 3E USED WHERZ SITI CONDITIONS AND ECONCMY SO WARRANTS.

WATER RESUIREMEYTS
A, SALT WATEZ B
FiR: = 2200 GFM AT 123 2SI !
?
8. POTAZLE WATZIZ = 10CC GPM AT 240 T35 20 9SI

L

AT POTAELI WATEX JUTLETS PROVIDE BACKFLCW PR
ALL LOCATIGNS.

m

WITH DM-3 AT

PROVIDE 8" DIAMETER NOZZLE HOLE WITH REMOVABLE STEEL COVER SPACED AT 25 FT. ON CENTERS
IN BOTH DIRECTIONS IN DECK SLAB.

TITLE ) DATE FACILITY PLATE NO.
BERTHING PIER FOR CARRIER 151-20

SHEET

4b
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PROVIDE 4 SECTIONALIZING VALVES IN LOOPED MAIN OF SALT WATER FIRE TO MAINTAIN 1/2
CAPACITY EACH SIDE QF PIER IN EVENT OF SINGLE BREAK

REFZRENCES
A. StZ APPLICABLE NAVFAC DESIGN MANUALS & NAVFAC TECHNICAL PUBLICATIONS.

NOTZ: THIS DRAWING IS FOR REFERENCEZ AND PLANNING PURPOSES ONLY. UTILITY REQUIREMENTS
INDICATED ARE FOR ESTIMATING PURPOSES QNLY.

TITLE DATE FACILITY PLATE NO.

BERTHING PIER FOR CARRIER 151-20

SHEET
4c
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UTILITIZS STATIONS
E 0 - ELECTRICAL OUTLET
TO - T LEPHONE OUTLET
- 4ANICAL OUTLET

PQESS 0 AIR = 1-1/2" AT 100 PSI
§/38" AT 3000 PsSi

POTABLE WATER = 2-1/2" WITH BACKFLOW PREVENTIVE DEVICE IN IAW DM -5
+ SANITARY SEWER = 24"
S= SALT WATER OUTLETS = 1 = 2-1/2" AND 1 = 4-3/2"
S= = SALT WATER OQUTLETS = 3 = 2-1/2" AND 1 = 4-1/2%
UNLESS OTHERWISE SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATIONS

STRUCTURAL REQUIREMENTS

MATERIAL

A. STRUCTURAL CONCRETE SHALL HAVE A MINIMUM CCMPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS
UNLESS OTHERWISE NOTED.

B. REINFORCEMENT SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 KSI MINIMUM
YIELD STRENGTH.

C. STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.

LIVE LOADS

A. VERTICAL
UNIFORM LIVE LOAD AT 1000 PSF
HS 20-44 TRUCK

~
%)

90 TON MOBILE CRANE
80 TON DIESzL LOCOMOTIVE
£-72 A.R.E.A. (7200 LBS. PER FOOT OF TRACK]
B. LATE A L2ADS
3z AND MCORING FOR TwQ YESSZLS, MCCRZD ON EACH SIDE OF PIZR SIMULTANESUSLY,
13 PER LINEAR FOOT.
AL T TITTING LOAD AT 309 WITH HORIZONTA
STANCARS BCLLARD - 70,000 L3S
3¢ IN. CLEZAT - 53,000 L3S
PILES

A, CAPACITY ASSUMED
BEARING - 50 TONS
UPLIFT - 12 1/2 TONS
CTHEX CAPACITY PILES CAN BE USED WHERE SITE CCNDITIONS AND ECONOMY SO WARRANTS.

WATER REJUIREMENTS
A, SALT WATER
Flit 2000 GPM AT 128 PSl MINIMUM RESIDUAL
PRESSURE AT MOST
1000 GPM AT 40 TO 80 PsI REMOTE QUTLET

8. POTACLE wWATZIR

C. PRCYIDE 8" DIAMETER HOLE WITH REMOVABLE STEEL COVER SPACED AT 25 FT. ON CENTERS IN
BCTH DIRECTIONS IN DECK.

NOTE

TRACK GAUGE OF 30 FEET IS STANDARD FOR NEW CRANES EXCEPT FOR LOCATIONS WHERE IT IS
NECESSARY TO CONFORM TO QUTER GAUGE OF EXISTING TRACK.

TITLE DATE | FACILITY PLATE NO. [SHEET
FITTING OUT PIER FOR DESTROYERS I151-30 Ib
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REFERENCES
A. SEZ APPLICABLE NAVFAC DESIGN MANUALS & NAVFAC TECHNICAL PUBLICATIONS.

NOTE: THIS DRAWING [S FOR REFZRENCZ AND PLANNING PURPOSES ONLY. UTILITY REQUIREMENTS
INDICATED ARE FOR ESTIMATING PURPOSES ONLY.

TITLE DATE | FACILITY PLATE NO.
FITTING OUT PIER FOR DESTROYERS 151-30

SHEET
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STRUCTURAL REQUIREMENTS

MATERIAL

A. STRUCTURAL CONCRETE SHALL HAVE A MINIMUM CQYPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS
UNLESS OTHERWISE NOTED.

B. RZINFORCEMENT SHALL CONSIST OF DEFORMED 3ARS WITH A STRENGTH LEVEL OF 60 KSI YIELD

C. ALL STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.
0. STIZL SHEZT PILING SHALL HAVE A MINIMUM YTELD STRENGTH AT 36 KSI. THE TYPE OF STEZL
S--_, c] SHALL DEP‘HD ON THE CORROSION TAAT MAY BE EXPECTED. PROVISIONS SHOULD B8E
LIVE LOADS
A. VERTICAL
UNIFORM LIVE LOAD AT 300 0SF
HS 2014 TRUCK
£0 TON MOBILE CRANE
B. LATERAL
BERTHING AND MOORING FQR TWO VESSELS, ONE MOORED OPPOSITE EACH OTHER ON EACH SIDE OF
PIZR SIMULTANEQUSLY, 2250 L3S PER LINEAR FOOT.

ALLOWAZLE FITTING LOAD AT 309 WITH HORIZONTAL:
INTERMEDIATE BOLLARD - 200,000 L3S

42 IN. CLEAT - 50,000 L8S
30 IN. CLEAT - 35,000 L8S
PILES

A. CAPACITY ASSUMED
BZIRING - SO TONS
UPLIFT - 12 1/2 TCKS
OTREZX CAPACITY PILIS CAN 3% USED WHERE SITE CONDITIONS AND ECONOMY SO WARRANTS.

WATZZ AZIUIREMENTS
Ae SALT WATER
FLRT PROTECTION -2830 GFM AT 128 PSI

MINIMUM RESIJUAL
8. PCTASLI WATER -1000 SPM AT 40 TO 80 PSI\ PRESSURE AT MOST
REMOTE QUTLET
PROVIDE BACKFLOW PREVENTIVE DEVICZ IN ACCORDANCE WITH OM-5

ELECTRIZAL RIQUIREMENTS

A. F0VIJE THE FOLLOWING £XPLOSION PROOF RECZZTACLES:
2 - 30 AMPS AND S-LINE TEZLEPHONE AT EACH FUELING STATION.
2 - 30 AMPS AT 50 F7, ON CENTERS BETWEIN FUELING STATIONS.

8. ELIZTRICAL WIRING, CONDUITS, FITTINGS, APPLIANCES & EQUIPMENT SHALL COMPLY WITH
APPLICASLE REQUIREMENTS FOR HAZARDOUS LOCCATIONS AS ESTABLISHED IN THE NATIONAL
ELIZTRICAL COOE

UTILITIES REJUIREMENTS

€ 0 - zLZCTRICAL OUTLET

T 0 - TTtLEPHONE OQUTLET

ST -2 - 2-1/2" SALT WATER OUTLETS, 1+4 1/2" PUMPER CONNECTION
Pe= -1 - 2 1/2" POTABLE WATER OQUTLET (WHERE AVAILABLE)

TITLE DATE | FACILITY PLATE NO. [SHEET
FUELING PIER FOR AUXILIARIES I51-40 )
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UNLESS QTHE3WIST SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATIONS

REFERENCES
A. SEE APPLICASLE NAVFAC DJESIGH MANUALS & NAVFAC TECHNICAL PUBLICATIONS

NOTE: THIS JRAWING IS FCR REFZRENCE AND PLANNING PURPOSES ONLY. UTILITY REQUIREMENTS
[

INDICATED ARE FOR ESTIMATING PURPQSES ONLY.

TITLE DATE FACILITY PLATE NO.

FUELING PIER FOR AUXILIARIES

I151-40
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STRUCTURAL REQUIREMENTS

MATERIAL

A. STRUCTURAL CONCRETZ SHALL HAVE A MINIMUM CCMPRESSIVE STRENGTH OF
4000 PSI AT 28 DAYS UNLESS OTHERWISE NOTED.

8. REINFORCING STEEL SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH
LEVEL OF 60 KSI YIELD.

C. ALL STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.

LIVE LOAQS

A. VERTICAL
UNIFORM LIVE LOAD AT 300 PSF
HS 20-44 TRUCK
50 TON MOBILE CRANE

8. LATERAL
BERTHING AND MOORI
QTHER ON EACH SIDE

Viniein i O

FOOT.

NG FOR TWO VESSELS, ONE MOOR D 0PPOS
OF PIER SIMULTA 8S PE

€ B
[ P

ALLOWABLE FITTING LOAD AT 309 WITH HORIZONTAL:
INTERMEDIATE BOLLARD - 200,000 LBS

STANDARD BOLLARD - 70,000 L8S

42 IN. CLEAT - 50,000 L8S

30 IN. CLEAT - 35,000 LBS
PILES

A.  CAPACITY ASSUMED
BEARING - 50 TONS
UPLIFT < 12 1/2 TONS
OTHER CAPACITY PILES CAN BE USED WHERE SITE CONOITIONS ANS ECONCMY
SO WARRANTS.

REIMENTS
T

£’
0TeCTICN -2530 GPM AT 125 PSI
MINIMUM RESIDUAL
8. POTABLE WATER -1000 GPM AT 40 TO 80 PSI{ PRESSURE AT MOST
(ONLY IF AVAILABLE) REMOTE OQUTLET
PROVIDE BACKFLOW PREVENTIVE DEVICE AS PER DM-5

PROVIDE 8" OIAMETZR FIRE NOZZLE OPSNINGS WITH REMOVAELE COVERS AT
25 FT. ON CENTERS IN BOTH DIRECTIONS IN DECK.

ELICTRICAL & COMMUNICATIONS REQUIREMENTS

A. PROVIDE THE FOLLOWING EXPLOSION PROQF PLUG RECEZPTACLES:
-2 - 30 AMPS AND S-LINE TELEPHONE AT EACH FUELING STATION
2 - 30 AMPS AT 50 FT. ON CEINTERS BETWCIN FUELING ST ATICNS

B. ELECTRICAL WIRING, CONDUITS, FITTINGS, APPLIANCES AND EQUIPMENT
SHALL COMPLY WITH APPLICABLE REQUIREMENTS FOR HAZARDOUS LOCATIONS
AS ESTABLISHED IN THE NATIONAL ELECTRICAL CODE.

C. INSTALL IN CONTROL HOUSEZ AN ANNUCIATOR WITH ANALYZER, ALARM SIGNAL
ANO OROPS IDENTIFYING TROUBLE AREAS: ALL TO BE COMPLETE WITH AIR
SAMPLE BLOWER(S) AND TUBING TO EACH PIPE TRENCH.

TITLE DATE | FACILITY PLATE NO. |SHEET
FUELING PIER FOR AUXILIARY (ALTERNATE) 151-40 2
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M L- HDBK- 1025/ 1

PORTABLE STACKS WITH WIRED ZLEP=AT TRUNKS AND EXPLOSION PROOF
BLOWERS SHALL BE PROVIDED TO PURGZ SECTIONS OF TRENCHES BEFORE
SAFE INSPECTION ENTRY. PROVIDE CHE EXPLOSION PROQF MANHOLE AT

EACH END OF TRENCH COMPARTMENT WITH BONDED GROUND BETWEZN COVERS
AND FRAMES.

UTILITIES REQUIREMENTS

£ 0 ~"ELECTRICAL QUTLET

T 0 - TELEPHONE OUTLET :

SO - 2-2-1/2" SALT WATER QUTLETS, 1-4 1/2" PUMPER CONNECTION
P== - 2-1/2" POTABLE WATER OQUTLEZT ’

UNLESS OTHERWISE SPECIFIZD IN APPLICABLE NAVFAC TECHNICAL PUBLICATIONS

NOTZ: PROVIDE TWO JP-3 LINES (CONE FIR RECEIPT AND ONE FOR ISSUE) WHEN
PIER WILL BE USEJ FOR BOTH ISSUE AND RECEIPT.

NOTE: THIS DRAWING IS FOR REFZRENCZ AND PLANNING PURPOSES ONLY.
UTILITY REQUIREMENTS INDICATED ARE FOR ESTIMATING PURPQOSES ONLY.

FUELING PIER FOR AUXILIARY (ALTERNATE)

TITLE DATE FACILITY PLATE NO.

151-40

SHEET

24
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M L- HDBK- 1025/ 1

UTILITIES STATIONS
£ 0 - ELECTRICAL OUTLET
T 0 - TELEPHCNE OQUTLET
MO - MECHANICAL OUTLET
STEAM - 2"
CCMPRESSED AIR = 3" AT 100 PSI
POTABLE WATER = 2-1/2" WITH BACKFLOW PREVENTIVE DEVICE IN IAW DM -5
SANITARY SEWER = 2-4"
S= SALT WATER OQUTLETS = 1 = 2-1/2" AND 1 = 4.1/2"
St= == SALT WATER QUTLETS = 3 = 2-1/2" AND 1 = 4-1/2"

UNLESS OTHERWISE SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATIONS

STRUCTURAL REQUIREMENTS
MATERIAL
A. STRUCTURAL CCNCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS
UNLZSS QTHERWISE NOTED.
B. REINFORCEMENT SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 KSI MINIMUM
YIELD STRENGTH.
C. STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.
LIVE LOADS
A. VERTICAL
UNIFORM LIVE LOAD AT 600 PSF
HS 2024 TRUCK
140 TON MOBILE CRANE
50 TON PCRTAL CRANE
€0 TON DIZSZL LOCCIMOTIVE
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PILES
A. CAPACITY ASSUMED
BEARING - 30 TONS
UPLIFT < 12 1/2 TONS
OTHEIR CAPACITY PILES CAN 3Z USED WHERES SITE CCNDITICNS AND ECONCMY SO WARRANTS.

WATIR REZUIREMENTS
Ao SALT WATER -
rint = 2300 GPM AT 128 P31 MINIMUM REZIDUAL
PRZISURT AT MOST
3. POTABLI WATZX = 1000 GPM AT 40 75 3C PSI RE40TZ QUTLET
PECVICE 8" DIAMETZR HOLEZ WITH RZMOVABLI STEZL COVER SPACEID AT 28 F7. ON CENTEZRS IN
80TH DIRZCTIONS IN DECK.

PROVIOE & SEITIONALIZING VALVES ON SZAWATIR LOOPSI MAIN.

REFERENCES
A. SEE APPLICABLE NAVFAC DESIGN MANUALS & NAVFAC TECHNICAL PUBLICATIONS.

NOTE: THIS ORAWING IS FOR REFZRENCE ANO PLANNING PURPOSES ONLY. UTILITY REQUIREMENTS
INDICATED ARE FOR ESTIMATING PURPOSES ONLY.

TITLE DATE FACILITY PLATE NO.

REPAIR PIER FOR CRUSIER & AUXILIARY 151-50

SHEET
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UTILITIES STATIONS

E O ~ ELECTRICAL OUTLET - 110V - 30 AMPS AT 48'-6" 0.C.

T 0 - TELEPHONE QUTLET AT 97*-0" 0.C.

P2 - PQTABLE WATER - 2-1/2" WITH BACKFLOW PREVENTIVE DEVICE IN ACCORDANCE WITH DM S
SO - SALT WATER OUTLETS -2- 2-1/2"
UNLESS OTHERWISE SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATION

STRUCTURAL REQUIREMENTS
MATERIAL
A. STRUCTURAL CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28 DAYS
UNLESS OTHERWISE NOTED.
8. REINFORCEMENT SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 KSI MINIMUM
FIELD STRENGTH
C. STRUCTURAL CONCRETE SHALL BE AIR ENTRAINED.
LIVE LOADS
A. VERTICAL
UNIFORM LIVE LOAD AT 100Q PSF
HS 20-44 TRUCK
70 TON MOBILE CRANE
120 TON DIESEL LOCOMOTIVE
E72 A.R.E.A. (7200 LBS. PER FOOT OF TRACK)
B. LATERAL LOADS - BERTHING AND MOORING, 2000 LBS. PER LINEAR FOOT. ALLOWABLE FITTING
LOAD AT 30° WITH HORIZONTAL.
STANDARD BOLLARD - 70,000 LBS
42 [N, CLEAT - 50,000 LBS
PILES
A. CAPACITY ASSUMED
BEARING - 50 TONS
UPLIFT - 12 1/2 TONS

OTHER CAPACITY PILES CAN BE USED WHERE SITE CONDITIONS AND ECONOMY SO WARRaNTS.

WATER REQUIREMENTS
A.  SALT WATER
FIRE -2500 GPM AT 125 PSI
MINIMUM RESIDUAL
B. POTABLE WATER -1000 GPM AT 40 TO 80 PSI| PRESSURE AT MOST

REMOTE QUTLET
C. TRANSIT SHED

SPRINKLER SYSTEM - 2000 GPM AT 55 PSI

PROVIDE 8" DIAMETER HOLE WITH REMOVABLE STEEL COVER SPACED AT 25 FT. ON CENTERS IN
BOTH DIRECTIONS IN DECK SLAB.

NOTE:

LOCATE TRANSIT SHED OFF OF WHARF SECTION, [F POSSIBLE, TO AVOID SETTLEMENT PROBLEMS
ASSOCIATED WITH FOUNDATIONS LOCATED PARTLY ON RIGID (WHARF PILES) AND PARTLY ON
COMPRESSIBLE (SPREAD FOOTINGS) SUPPORTS.

REFERENCES
A. SEE APPLICABLE NAVFAC DESIGN MANUALS & NAVFAC TECHNICAL PUBLICATIONS.

NOTE: THIS DRAWING IS FOR REFERENCE AND PLANNING PURPOSES ONLY, UTILITY REQUIREMENTS
INDICATED ARE FOR ESTIMATING PURPOSES ONLY,

TITLE DATE FACILITY PLATE NO.
OCEAN TERMINAL WHARF 152-60

SHEET
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UTILITIES STATIONS
TELEPHONE OUTLET
ELECTRICAL QUTLET
MECHANICAL OUTLET
STEAM -4 AT 2
COMPRESSED AIR - 3 AT 100 PSI
POTABLE WATER -1 - 2-1/2" WITH BACKFLOW PREVENTIVE DEVICE IN ACCORDANCE WITH DM-S
SANITARY - 2 - 4
SALT WATER OUTLET - 4 - 4¢
SALT WATER QUTLETS -2 - 2-1/2 AND T - 4-1/2*
FUEL OIL PIT - 6"
JET FUEL PIT - 6"

STRUCTURAL REQUIREMENTS
MATERIALS
A.-CONCRETE SHALL BE OF 4000 LB CLASS
B.-REINFQRCING STEZlL SHALL BE OF GRADE 60 OR BETTER
LOADS
A.-VERTICAL LOADS
UNIFORM LIVE LOAD AT 800 PSF
H20-S16 TRUCK WITH 15% IMPACT
B.-LATERAL LCADS
ON BOLLARDS: 200 KIPS
Cn COUBLE 8ITTS:

© ON CLEATS: 80 KIPS

Y AA AL memmiimem m o m

LATZRAL LOADS ARZ TO SE APPLIED AT 30° WITH THE HORIZONTAL

B. POTASLZ WATER - 100C GPM AT 40 70 80 PSI
PROVIDE &" DIAMETER NOZZLE HOLE WITH REMOVABLE
CENTERS IN 807H DIRZCZTIONS IN DECK SLAB

TESL COVER SPACEZD AT 25 FT. ON

THIS IS FOR REFZRENCZ AND PLANNING PURPOSES ONLY

-

SZZ APPLICABLE NAVDCCKS TZTHNICAL PUBLICATION FCR FENDER SYSTEMS, CONCRETEZ
ENCASZMENT DETAILI, ZLEITRICAL AND MECHANICAL REJUIRE

ENDER S
REMENTS

TITLE
CARRIER BERTHING QUAYWALL
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UTILITIES
@ - FRESH WATER (F.4.) - 3/4" HOSE BI3B
@ - AIR = 172" QUICX DISCONNECT
® - FUEL OIL DIESZL - 1 1/2" HOSE CONNECTION
F.0.S. - FUEL SUPPLY
UNLESS OTHERWISE SPECIFIED IN APPLICABLE NAVFAC TECHNICAL PUBLICATIONS

STRUCTURAL REQUIREMENTS

MATERIAL

A THE ALLOWABLE STRESSES FOR TIMBER SHALL BE:
F = 1500 PSI, H = 12Q PSI, C = 1200 PSI, E = 1,760,000 PSI

8 STRUCTURAL CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 3500 PSI AT 28
DAYS UNLESS QTHERWISE NOTED.

C REINFORCEMENT SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 KSI
MINIMUM YIELD STRENGTH

LIVE LOAD

A VERTICAL
UNIFORM LIVE LOAD AT 100 PSF UNLESS OTHERWISE SHOWN.
8000 LBS. TRUCK
ALTERNATIVE - HS 20 - 44 TRUCK

PILES
A CAPACITY
BEARING 15 TONS ASSUMED
ALTEANATIVE - MAXIMLM 2£3RING 30 TONS ALLOWED FOR TIM3ER
FIxE 20737
A favt WALLS AT INTEZVALS NOT EXCIZIING
32} 10
3 1% :
N2 OSTRUCT: 3
3 FROVIDE 3 L
CINTERS IN 30T DIREZTION IN DECK.
NOTES:
FIXED PIERS
A FIXED PIERS ARE USUALLY LIMITED TO BERTHING FACILITIZS WHERE:
a) WATER SURFACZ FLUCTUATIONS ARE LESS THAN 5 FT.
B) WATER IS NOT 3EI°I3 THAN 20 FT.
FLOATING BERTHS
A RIZUIRES
2} ANCHORAGE AZZIZUATE TO HOLD FLOATING SYSTIM AND ALL BERTAZD CRAFT IN P0SITICN
AGAINST WIND AND CURRENT FORCES
b) HINGZD GANGWAY
3 RICE WITH DECK UNIFJRMLY AT 15 IN. TO 20 IN.ABOVE WATEZR SURFACE WITHOUT LIVE LOAD.
c RIDE WITH DECK UNIFORMLY 9 IN. TO 19 IN. ABOVE WATER SURFACZ WITH LIVE LOAD.
PERMISSIBLE LIVE LOAD ON THE ORDER OF 20 PSF TO 30 PSF.
0 IF COVERED BERTHS ARE REQUIRED, IT IS COMMON PRACTICE TO BUILD EACH FLOATING
BERTH INTO A COVERED STRUCTURAL UNIT.
TITLE DATE | FACILITY PLATE NO. |SHEET
SMALL CRAFT BERTHING 155-20 lc
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FLOTATION MATERIAL

a) FIBERGLASS REINFORCED POLYESTER RESIN WATERPROOF SHELL

5) HOLLOW CONCRETE FLOATS

¢) FABRICATED METAL PONTQONS WITH PRESERVATIVE COATING APPLIED TQ 8QTH SIDES.
REPAIR SHCP AND/QR LIVING QUARTERS MUST BE LOCATED ON LAND

NOTE
1 ALL TIMBER SHOULD 3E PRESSURE TREATED WITH SALTS.
2 ALL BOLTS, NUTS, WASHERS AND HARDWARE TO BE GALVANIZED

PLUMBING REQUIREMENTS

CCLD WATER: (PR0OBABLE MAXIMUM FLOW RATE) 56 GPM
NOTE: ABOVE FLOW RATE DOES NOT INCLUDE REQUIREMENTS FOR FIRE PROTECTION.

HCT WATER:
STORAGE (ELZCTRICAL WATER HEATER) 40 GALS.

MECHANICAL REQUIREMENTS (M BTU/HR)

HEATING:
INSIGE DESIGN TEMPERATURE 70°F
QUTSIDE DESIGH TEMPERATURES -59F  +39F  +150F  +250F
60 58 50 44

ELIZTRICAL REQUIRZMENTS

»
Pl CLIZTRICAL REJUIRZMENTS SZI NAVFIZ JRAWING NO. 1283375 -
AzFI=INiIs:
2 A5CI JOURNAL CF TRZ WATZAWAYS AND =ARZIR 2IVISIZN, wCLoME 90, NC. Awl, ALZUST
1881, PART 1.
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A - AIR - 1/2" QUICK DISCONNECT

F - FUEL OIL DIESEL -1 1/2" HOSZ CONNEZTICON
F.0.S. ~ FUEL SUPPLY

MLESS OTHERWISE SPECIFIED [N APPLICABLE HAVFAC TEZHNICAL PUBLICATIONS

FRESH WATER - 3/4" A0S 3183 7
WHERE REQUIRED

:TRUCTURAL RESUIREMENTS
ERIAL

A T E ALLOWABLE STRESSES FOR TiMEZR SrALL BE:
F = 1500 PSI, H = 120 ?SI, € = 1200 PSi, € = 1,780,000 PsSI
3 STRUCTURAL CONCRETE SHALL HAVE A MINIMUM COMPRESSIVE STRENGTH OF 4000 PSI AT 28

DAYS UNLEZSS OTHERWISE NQTED.
C REINFORCEMENT SHALL CONSIST OF DEFORMED BARS WITH A STRENGTH LEVEL OF 60 XSI
AINIMUM YIELD STRENGTH
LIVE LOAD
A VERTICAL
CNIFORM LIVE LOAD AT 100 PSF UMLESS STHERWISE SHOWNM.
3G00 LBS. TRUCK
ALTERNATIVE - HS 20-34 TRUCK

2ILES
A CAPACITY
ZEARING - 1 TONS ASSUMED

OTHER CAPACITY PILES CAN 3% USI3 WrEZZ SITE CINDITIONS AND ECONOMY SO WARRANTS
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CONNECTED LCAD S KW
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CCNNECTED LOAD 2 KA
ESTIMATZD DCMAND 5.1 Ka
TCTAL
CONNEZTID LCAD 17 KW
TSTIMATZO DEMAND 13.4 KW
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NATIONAL ASSOCIATION OF ENGINE AND BOAT MANUFACTURERS, INC. (LATEST EDITION)
C  NAVFAC DESIGN MANUALS - OM-5 AND OM-25 SERIES
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REFERENCES
NOTE:  THE FOLLOWN NG REFERENCED DOCUMENTS FORM A PART OF THI'S HANDBOOK TO THE

EXTENT SPECI FIED HEREIN. USERS OF TH S HANDBOOK SHOULD REFER TO THE LATEST
REVI SIONS OF CI TED DOCUMENTS UNLESS OTHERW SE DI RECTED.

M LI TARY HANDBOOKS

Unl ess otherwi se indicated, copies are available from the Standardization

Docunment Order Desk, Building 7D, 700 Robbins Avenue, Philadel phia, PA 19111-
5094.

M L- HDBK- 1002/ | Structural Engineering General Requirements

M L- HDBK- 1002/ 2 Loads

M L- HDBK- 1002/ 3 Steel Structures

M L- HDBK- 1002/ S Ti mber Structures

M L- HDBK- 1002/ 6 Al um num Structures, Masonry Structures,
Composite and Qther Structural Materials

M L- HDBK- 1005/ 3 Drai nage Systens

M L- HDBK- 1005/ 7 Water Supply Systens

M L- HDBK- 1005/ 8 Donmestic Wastewater Control

M L- HDBK- 1025/ 2 Dockside Utilities for Ships Service

M L- HDBK- 1025/ 4 Seawal | s, Bul kheads and Quaywal | s

M L- HDBK- 1025/ 6 CGeneral Criteria for Waterfront Construction

NAVFAC DESI GN MANUALS AND P- PUBLI CATI ONS

Avail able from National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161 Attn: Defense Publications; phone: (703) 487-4684;
Fax: (703) 487-4841.

DM 2. 04 Concrete Structures

DM 5. 04 Pavenent s

DM 5. 06 Trackage

DM 5. 10 Solid Waste Disposal

DM 7.01 Soi | Mechanics

DM 7. 02 Foundations and Earth Structures

MD-7. 03 Soil Dynamics, Deep Stabilization, and Speci al
CGeot echni cal Construction

DM 26. 01 Har bor s

DM 26. 02 Coastal Protection

DM 26. 06 Mooring Design Physical and Enpirical Data

DM 38. 01 Wei ght Handl i ng Equi pnent

P- 80 Facility Planning Criteria for Navy and Marine
Shore Installations

P- 401 Pont oon Systenms Manual
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ENG NEERI NG _AND DESI GN TEXTBOOKS

I nformati on-on these documents can be obtained from Commander, Naval

Facilities Engineering Command, Code DS02, 200 Stovall Street, Al exandria, VA
22332.

Cargo Handling Facilities (Fornmerly M L-HDBK- 1025/ 3)
Ferry Ternminals and Small Craft
Berthing Facilities (Formerly M L-HDBK- 1025/ S)

OTHER GOVERNVENT DOCUMVENTS AND PUBLI CATI ONS

Amunition and Explosives Ashore, NAVSEA OP 5, Vol. 1, Naval Sea Systens
Command, Washington, DC 20362

Code of Federal Regulations, CFR 33, Series 1 to 199, GCeneral Services
Adm nistration, National Archives and Records Service, Ofice of the Federal
Regi ster, Washington, DC 20004

lce Pressure on Engineering Structures, Bernard Mchel, Mnogram II1-Bib, US.
Army Col d Regi ons Engi neering Laboratory, Hanover, NH, 1970

Naval Civil Engineering Laboratory (NCEL) Technical Reports, available from
Nat i onal Technical Information Service, Springfield, VA 22151.

R 605 Reinforced Plastic Landing Float and Brow
™ 5 Advanced Pier Concepts, Users Data Package
T™M 51-85-19 Devel opnent of Prestressed Concrete Fender Piles
- Prelinmnary Tests
UG- 0007 Advanced Pier Concepts, Users GQuide
Seismic Design of Piers, Vols. I|-1Il, Tudor/PMB Consulting Engineers, Naval

Facilities Engineering Command, Al exandria, VA 22332, August 1976

NON- GOVERNVENT PUBLI CATI ONS

Dynamic lce Forces on Piers and Piles, Charles R Neil, Canadian Journal of
Cvil Engineering, Vol. 3, Research Journals, National Research Council of
Canada, Otawa, ONT K1A, 1976

nfluence Surfaces for Elastic Plates, Adolf Pucher, Springer-Verlag-Wen, 175
Fifth Avenue, New York, NY 10001, 1977

Prestressed Concrete Institute, 175 West Jackson Bl vd,
Chicago, |IL 60604

Pile Bending During Earthquakes, Edward Margason, Proceedings of Seninar on
Design, Construction and Performance of Deep Foundations, College of
Engi neering, University of California, Berkeley, CA August 1975
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AMERI CAN BUREAU OF SHI PPI NG (ABS)

Rules for Building and Cassing Ofshore Installations -
Part 1 Structures

(Unless otherw se indicated, copies are available from American Bureau of
Shi pping (ABS), New York, NY 10006.)

AMERI CAN ASSOCI ATI ON OF STATE H GHWAY AND TRANSPORTATI ON OFFI CI ALS ( AASHTO)
CGuide Specifications for Bridge Railings
Bridge Cuide and Manual Specifications

(Unl ess otherwise indicated, copies are available from American Association of
State Highway and Transportation O ficials, 444 N Capitol Street, N W,
Washi ngton, DC 20001.)

CUSTODI AN PREPARI NG ACTIVITY
NAVY - YD2 NAVY - YD2
PRQIECT NO
FACR- 1126
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INSTRUCTIONS: In a continuing effort to make our standardization documents better, the DoD provider this form for use in
submitting comments and suggestions for improvements. All users of military standardization document are invited to provide
suggestions. This form may be detached, folded along the lines indicated, taped aong the loose edge (DO NOT STAPLE), and
mailed. In block 5, be as specific as possible about particular problem areas such as wording which required interpretation, was
too rigid, restrictive, loose, ambiguous, or was incompatible, and give proposed wording changes which would alleviate the
problems. Enter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
acknowledgement will be mailed to you within 30 days to let you know that your comments were received and are being
considered.

NOTE: This form may not be used to reguest copies of documents, nor to request waivers, deviations, or clarification of
specification requirements on current contracts. Comments submitted on this form do not constitute or imply authorization
to waive any portion of the referenced document(s) or to amend contractual requirements.
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